AST ENGINEERING pee : : nee = | E 
LIBRARY 


, 


TEXTILE RESEARCH 
JOURNAL 


VOLUME XVIII - August, 1948 


PUBLICATION OF 


TEXTILE RESEARCH INSTITUTE, INC. 
; AND _ = 
THE TEXTILE FOUNDATION 


Editorial Office: 10 East 40TH Street, New York 16, N. Y. 





TEXTILE RESEARCH 
vn xvi,nes JOURNAL August, 1948 


In This Issue 


A New Concept of the Mechanical Behavior of Fibers 
Harris Burte, George Halsey, and J. H. Dillon 


Measurement of Friction Between Single Fibers 
Ill. Influence of Different Treatments on the 


Frictional Properties of Wool Fibers 
Joel Lindberg 


Measurement of the Frictional Properties of Wool Fibers 
Daniel Frishman, Arthur L. Smith, and Milton Harris 


Relation of Specific Strength of Cotton Fibers to 


Fiber Length and Testing Method 
James N, Grant and Ora W. Morlier 


Influence of Fibrous Structure of Rayon on Its <" 


Swelling and Density, II show 
Egon Elod and H. G. Frohlich quali 


phen 
tribu 


Imparting Water-Repellency to Textiles by : cal 
Chemical Methods: A Review of the Literature : those 


H. A. Schuyten, J. David Reid, J. W. Weaver, and John G. Frick, Jr. = 

value 
stral 

Abstracts or 
is shc 
for re 
chang 


Editor: Julian S. Jacobs Managing Editor: Julia M. Crisp whict 


Associate Editors fulnes 
H. J. Ball Gustavus J. Esselen H. Mark IS pol 


Earl E. Berkley Earl K. Fischer E. R. Schwarz age 
Henry Eyring Milton Harris Kyle Ward, Jr. shen 

K. L. Hertel shales 
with ¢ 


TEXTILE RESEARCH JOURNAL, published monthly at Prince and Lemon Streets, Lancaster, Pa., is devoted to the interest of ag 


research in textile and allied industries. It is the official publication of Textile Research Institute, Inc., and the Textile 0 
Foundation. PO 
Manuscripts and communications should be sent to the editorial offices, 10 East 40th Street, New York 16, N. Y. in Pe 
Subscription rates: General—$15.00 per year; additional for postage, 50 cents to Canada, $1.00 to all other countries. oat oe 
Special—$10.00 per year for United States and Canadian students, teachers, educational institutions, public libraries, govern- #* F 
mental libraries and departments, plus 50 cents for postage to Canada. Single copies, $1.50 each. +M 
Entered as second-class matter, April 27, 1945, at the postoffice at Lancaster, Pa., under the Act of August 24, 1912. - D; 
Contents copyrighted 1948 by Textile Research Institute, Inc. te 


Advertising rates supplied on request, 





TEXTILE RESEARCH 
JOURNAL 


VoL. XVIII, No. 8 


August, 1948 


A New Concept of the Mechanical Behavior of 
Fibers’ 


Harris Burte,** George Halsey,} and J. H. Dillon { 


Contribution of the Textile Foundation and the Frick Chemical Laboratory, 
Princeton University, Princeton, New Jersey 


Abstract 


The first portion, Part I, of this paper presents a review of 
the various theories of mechanical behavior of fibers. It is 
shown that the linear three-element model gives a fairly good 
qualitative description of relaxation, creep, and stress-strain 
phenomena. With this linear model extended to give a dis- 
tribution of relaxation times, the time scales of the relaxation 
and creep functions are expanded to ranges which approach 
those observed experimentally. However, the more compli- 
cated linear model is cumbersome, particularly when used to 
explain stress-strain data, and it does not yield the proper 
values of the elastic and viscous constants when the rate of 
strain is changed by a large factor. The three-element model 
with Hookean springs and Eyring dashpot is discussed, and it 
is shown that it accomplishes the extension of the time scale 
for relaxation and creep, and also yields relationships involving 
changes in the rate of elongation of stress-strain experiments 
which agree quite well with data on acetate rayon. The use- 
fulness of graphical methods of analysis of stress-strain curves 
is pointed out. For other fibers, the agreement with experi- 
ment is not so good. Efforts to generalize the Eyring model 
by considering the ‘energy barriers’ to be asymmetric, em- 
ployment of non-Hookean springs, and increasing the number 
of elements in the model have given better agreement of theory 
with experiment but leave much to be desired in the explana- 
tion of the behavior of wool fibers. 


_ * The work reported in this communication was sponsored 
in part by the Office of The Quartermaster General, Research 
and Development Branch, Contract W44-109-qm-1177. 

** Fellows of the Textile Research Institute. 

+ Mallinckrodt Chemical Laboratory, Harvard University. 

t Director of Research, The Textile Foundation and Textile 
Research Institute, Inc, 


The recently published theory of Burte and Halsey (TEX- 
TILE RESEARCH JOURNAL 17, 465 (1947)) is discussed in some 
detail in Part II of this paper. This new theory does not 
employ a dashpot-spring model but involves a concept of 
energy states with populations changing as the fiber is ex- 
tended. The reaction rate techniques of Eyring are used to 
develop the mathematical formulas for relaxation, creep, and 
stress-strain behavior. The theory appears to explain quali- 
tatively the phenomena of thixotropy and the final upward 
inflection of the stress-strain curves for wool, nylon, and 
rubber. Preliminary experimental data on wet wool fibers 
are presented which appear to confirm quantitatively the new 
theory. Of particular interest is the ‘secondary yield point” 
observed for some wool fibers and predicted qualitatively by 
the theory. There are some difficulties in the application of 
the theory, and these are discussed. 


Part I. A Review of Previous Work 


It has long been recognized that the stress in a 
textile fiber is a function of both strain and time, 
assuming that the moisture content and the tem- 
perature of the fiber are held constant. Thus, to 
represent the mechanical behavior of a fiber, dissi- 
pative elements, such as dashpots, must be included 
in the model chosen, as well as non-dissipative ele- 
ments, such as elastic springs. 

The history of the development of mechanical 
models to represent the stress-strain-time behavior 
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TABLE I. LINEAR MODELS 
Correct predictions 
Model Qualitative Quantitative Major defects * 
Maxwell Relaxation — Relaxation too rapid 
Stress-strain — Relaxation function « strain 
Linear creep 
Voigt — — No relaxation 
Creep — Creep too rapid 
oe — Creep function « load 
Stress-strain cycle (parallelogram) 
Three-element Relaxation — Relaxation too rapid 
Creep — Creep too rapid 


Stress-strain 


Distributions 


Stress-strain 
(for special cases) 


Stress-strain rate effect wrong 
Creep function « load 
Relaxation function « strain 


(parallel) Relaxation Relaxation Stress-strain rate effect wrong 
Creep function « load 
(series) Creep Creep Relaxation function « strain 





* Additional general defects: (a) final upward inflection of stress-strain curve not predicted; (b) thixotropy in stress-strain 


not predicted. 


of fibers (and other high polymers) has been long 
and the literature is widely scattered. An excellent 
bibliography of that literature, up to 1943, has been 
given by Leaderman [18]. Because of recent ac- 
celerated work in this field by Eyring and co- 


workers [5, 8-10, 12-15, 17, 21, 22, 26], it seems 
advisable to trace the history of fiber concepts and 
to review the progress which has been made, before 
introducing the new concept of fiber behavior which 
will be described in Part II of this paper. To 





TABLE II. Eyring Non-LingEAR MODELS 





Variation Fiber examples 


Simple 3-element Acetate rayon 


(symmetric barrier) 


Simple 3-element High-tenacity 


(symmetric barrier) viscose 
Simple 3-element Wool 
(symmetric barrier) 
Non-Hookean spring in Wool 
3-element model 
Non-Hookean spring in Wool 
3-element model with 
asymmetric barrier 
Simple 5-element Wool 
Non-Hookean spring in Wool 


5-element model with 
asymmetric barrier 


Fails to explain: 


No major phenomena 


1. Progressive broadening of yield point 
with recycling 
Absence of basic spring line 


bo 


. Absence of basic spring line 
Stress-strain thixotropy 

Upward inflection of extension curve 
Asymmetric relaxation 


Un & WwW bdo 


. Absence of basic spring line 
Stress-strain thixotropy 
Asymmetric relaxation 


UIwW bo 
ar 


Absence of basic spring line 
3. Stress-strain thixotropy 


bo 


Stress-strain thixotropy 
Upward inflection of extension curve 
Asymmetric relaxation 
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TABLE III. 


DEFINITIONS OF SYMBOLS 











total stress on model or on fiber 
maximum value of total stress 
stress for condition of ultimate relaxation 
stress on Maxwell element 
limiting constant stress on Maxwell element after 
passing yield point 
fo for extension 
fs for retraction 
F—f stress on closed spring 
F,f rate of change of stress with time 
1 total strain of model on fiber 
1, strain of ‘‘closed’”’ spring 
l’ strain of dashpot (also strain due to AB transforma- 
tion) 
strain due to AB transformation when all of popula- 
tion is in B state 
strain due to elastic reaction of molecular segment 
maximum value of strain 
rates of strain 
constant rate of strain 
rate of elongation defined by eq. (30) 
time 
time for stress to reach 3 “yield value” 
2t1 


nee out 
es in 


k; spring constant for the 7th Hookean spring 

ka, ky, Re spring constants for A, B, and C states 

spring constant defined by eq. (21), or rate constant 

viscosity of ith Newtonian dashpot 

relaxation time, as defined for 7th element 

coefficient of stress in Eyring flow equations (also 
defined by eq. (4)) 

coefficient of sinh af in Eyring flow equations (also 
defined by eq. (15)) 

defined by eq. (16) 

p/K 

ratio of rates of strain = p2/p1 

ratio of values of f.. at rates p, and p; (also gas 
constant) 

volume of flow hole — 2ko7Ta 

volume of flow unit 

Boltzmann constant 

absolute temperature 

Planck’s constant 

asymmetry constant of energy barrier 

populations of A, B, and C states 

free-energy differences or barriers defined in Figs. 5, 
12, and 14 











simplify the historical treatment, every effort will 
be made to avoid detail in the text. This method 


will, of course, result in a very abbreviated bibli- 
ography and apologies are duly offered to the many 
capable workers to whom reference is not made. 


When detailed equations are deemed necessary, 
these will be included, with typical diagrams and 
curves in the form of self-contained charts which, 
it is hoped, will be found convenient for quick refer- 
ence. A list of definitions of symbols used in these 
charts is given in Table III. 


Linear Models 


The earliest models proposed to represent the 
behavior of fibers were very simple; the Maxwell 
model [19], which consists of a Hookean * spring 
and a Newtonian dashpot in series, and the Voigt 
model [27], which consists of a Hookean spring in 
parallel with a Newtonian dashpot. As might be 
expected, the Maxwell and Voigt models are much 
too simple to be very effective in explaining fiber 
behavior. Nevertheless, the Maxwell model does 
give relaxation and stress-strain curves which are 
qualitatively similar to those observed. However, 
the predicted creep function is linear in time rather 


_ *.\ Hookean spring deflects in such a manner that strain 
ls proportional to stress. A Newtonian dashpot flows at a 
rate proportional to stress. Unless otherwise stated, all 
springs and dashpots will be considered Hookean and New- 
tonian, respectively. Systems formed from combinations of 
such elements will be termed “linear models.” 


than exponential, as observed, and the predicted 
relaxation is much too rapid and is proportional to 
the strain (see Figure 1). The Voigt model, on the 
other hand, gives a qualitatively reasonable creep 
function, with a linear dependence upon load, but 
provides no relaxation at all and yields a parallelo- 
gram-shaped stress-strain cycle (see Figure 2). It 
should be further noted that the Maxwell model 
provides for secondary creep (permanent set), 
whereas the Voigt model does not. Since second- 
ary creep is rather rare in textile fibers, for experi- 
ments in reasonable time intervals, this deficiency 
in the Voigt model and subsequent more compli- 
cated models will not be considered serious. If the 
phenomenon of secondary creep is needed in any 
particular case, all that is necessary is to add one 
or more dashpots in series with the model in ques- 
tion. For simplicity, then, secondary creep will be 
excluded from further discussion. The absence of 
creep recovery in the Maxwell model is important 
but, in general, when a model yields a reasonable 
creep curve, the creep recovery will be reasonable 
also. Thus, it will be assumed in the remaining 
discussion that a satisfactory creep performance 
infers proper creep recovery. 

The more or less complementary merits and de- 
fects of the Maxwell and Voigt models suggest, of 
course, that they may be combined to advantage. 
This has been done in many different ways and it 
would be a hopeless task to discuss them all. The 
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simplest combination, if secondary creep is ignored, 
is constituted by two Maxwell elements in parallel 
with one of the dashpots assigned an infinite vis- 
cosity 7. The result is the linear three-element 
model of Figure 3. This model gives excellent 
qualitative predictions of relaxation and creep and 
remarkable quantitative prediction of the early 
portion of the stress-strain cycle at a given rate of 
strain, for fibers which do not show a final upward 
inflection of the extension curve or “‘thixotropic”’ 
effects. However, the model gives much too rapid 
relaxation and creep and does not give the observed 
dependence of the stress-strain properties upon rate 
of strain. Furthermore, the creep function con- 
tains the load as a linear factor, a relationship not 
borne out by experiment. The linear three-element 
model may thus be considered only a useful quali- 
tative concept. It is limited even in its qualitative 
application. 

The next step in the history of linear models was 
an increase in the number of Maxwell elements. 
Wiechert [28] showed that as the number of Max- 
well elements is increased the time interval over 
which the relaxation takes place is extended. 
Finally, by assuming a continuous distribution of 
relaxation times * 7; (see Figure 4A) and an arbi- 
trary distribution function of the Gaussian form, 
he obtained relaxation functions which extended 
over regions of logarithmic time which compared 
well with experimental data. 

In Figure 4B, distribution curves and corre- 
sponding relaxation curves for several values of the 
parameter b are plotted according to the Wiechert 
theory. Wiechert’s contribution was indeed valu- 
able for, at last, relaxation could be quantitatively 
explained, but only for a given strain. Regardless 
of how many linear Maxwell elements are used in a 
model or what their distribution is, this basic defect 
of the Maxwell element—the linear dependence of 
relaxation upon strain—must be present. The 
model can be used directly only for relaxation 
studies, but, by the use of step-by-step graphical 
methods, a stress-strain curve can be constructed. 
The stress-strain curves (constant rate of strain) 
thus obtained agree quite well with experimental 
curves, provided the rate of strain is not altered. 
When the rate of strain is changed, the predictions 
of the theory are far removed from experimental 
reality. 

* Relaxation time, in this case, is the ratio of viscosity to 
stiffness of the Maxwell element; 7.¢., 7; = ni/ki. 
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Just as a distribution of linear Maxwell elements 
in parallel is effective as a model for the explanation 
of relaxation, a distribution of linear Voigt elements 
in series can be used in creep studies. Becker [3] 
appears to have been among the first to propose this 
scheme, which has been employed to good effect, 
It is subject, as might be guessed, to limitations 
analogous to those applying to the parallel com- 
bination of Maxwell elements. 

A vast amount of important work has been ac- 
complished by the use of distributions of linear 
elements. It has been shown by Simha [23] that 
the distribution function obtained with a parallel 
combination of Maxwell elements can be derived 
from the creep curve of a material, using a rather 
involved method with Fourier transforms. Fur- 
thermore, general calculations of this type have 
been made by Alfrey and Doty [1]. At best, how- 
ever, the distributions of linear elements are cum- 
bersome in use and have the following inherent dis- 
advantages: (1) creep function is linear in the load, 
(2) relaxation is linear in the strain, and (3) the 
effects of changing the rate of strain in constant- 
rate-of-strain experiments are not quantitatively 
predicted. 

A summary of the advantages and defects of the 
various linear models is given in Table I. It is 
apparent that much has been accomplished in evolv- 
ing these linear models but there are still several 
observed phenomena which have not been ap- 
proached even qualitatively—for examples, the final 
upward inflection of the extension curve at constant 
rate of strain (wool and nylon) and “‘thixotropy,” 
the lowering of the upper envelope of repeated 
stress-strain curves (wool, in particular). 





Eyring Non-Linear Models 


In the history of linear models, it is seen that the 
tendency has been to increase the number of ele- 
ments but to maintain the linear simplicity of the 
individual dashpots and springs. The Eyring 
treatment, however, has avoided increasing the 
number of elements to unmanageable extents but, 
rather, has allowed the individual elements to be- 
come progressively more complicated, as required 
to explain the experimental data. The Eyring 
non-linear dashpot obeys a law of flow given by 

j _-K (e2Hof = 2(1 maf) 


or 
l = Kees sinh af, (1) 
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where / is the rate of strain, f is the stress, and K, 
a, and w are constants. 

A thorough treatment of the Eyring reaction-rate 
theory of flow [11] is hardly within the scope of 
this paper, but a brief discussion of its major 
features appears to be in order. Eyring postulated 
the existence of ‘‘flow units” in an unstressed ma- 
terial which are always in a state of motion, con- 
tinually exchanging old neighbors for new ones. 
Associated with this process is a potential energy 
barrier shown in the full-line curve of Figure 5. 
For a flow unit, which may be a molecule or a group 
of molecules, to move from an initial state to a final 
state of the same energy level, the flow unit must 
surmount the energy barrier, the height of which 
is the energy of activation AF. Eyring further 
postulated a “‘flow hole’’ of volume V;, into which 
a flow unit can move. He then showed that the 
application of a stress f unbalances the process, 
producing the barrier shown in the dotted curve 
with the energy-level differences wV,f/koT and 
(1— n)Vif/RoT. Here, ko is Boltzmann’s con- 
stant, J is the absolute temperature, and yu is the 
asymmetry coefficient of the barrier (0 < uw < 1). 
The barrier is symmetric for a value » = 3. The 
next step in the development of Eyring’s theory 
was to calculate the frequencies with which the 
flow units move in the forward and reverse direc- 
tions, respectively—that is, with and against the 
stress f. The results of this calculation were: 


forward frequency = k’e#Vi//‘o? 
backward frequency = k’e~@-#) Vaf/ko? ; 


where k’ is a “‘rate constant.” 
The net frequency of forward movement of a flow 
unit is then: 


Rk’ (enV is lkoT —_ ew) Vas ko?) | 


Defining \, the average distance through which the 
flow unit moves, and \, the distance in the flow 
direction between points of flow, the rate of strain 
is given by: 


i = x Rl (eeV as koT _— e— 1-H) VASiKoT) | 
Ai 

Bearing in mind that \/Ay = Vi/Vm, where Vn is 
the volume of the flow unit, and employing the 
usual statistical-thermodynamic expression, 

» ne 

Kr =->—€Eé 

h 


—AF/koT (f = Planck’s constant), 


there finally results: 


j= 2 Vn eo 
aati Vn ih 





(2) 


etVas/koT — coe) 


—AF/koT 
xe ( D 


Thus, the constants of equation (1) are given by 


i Vi Rol e-AF/koT 


vk (3) 


(4) 


and yu, the asymmetry constant, which is the frac- 
tion of the total work done in crossing the barrier 
that assists in activation. For asymmetric barrier, 
uw = 3, and equation (1) reduces to: 


l= K sinh af. (5) 


Eyring has employed equation (5) with consider- 
able success to explain the flow properties of non- 
Newtonian liquids. Since the relationship is built 
upon a concept of molecular structure and behavior 
under stress, its use permits calculation of the size 
of the “flow units’’ and the ‘‘flow hole.” Hence, 
the Eyring approach constitutes a useful although 
perhaps an oversimplified molecular picture which 
was not derivable from the earlier theories of linear 
models. 

The first attempts to apply the Eyring theory of 
flow to fiber behavior [8, 14] employed a three- 
element model with Hookean springs but with a 
non-Newtonian symmetric dashpot * flowing ac- 
cording to equation (5). The relationships for 
relaxation, creep, and stress-strain cycling derived 
from this model are shown in Figure 6. Comparing 
these with the relationships for the three-element 
linear model summarized in Figure 3, it is seen that 
the Eyring theory introduces considerable mathe- 
matical complexity. The expression for relaxation 
is not linear in the strain and the rate of creep is not 
proportional to the load, as for all the linear models. 
The retraction equation for stress-strain cycling is 
very complicated and difficult to use. A stress- 
strain cycle for a hypothetical fiber is plotted accord- 
ing to the equation of the linear three-element model 
in Figure 7, and the extension curve for the Eyring 
three-element model is plotted as a dashed line for 


comparison. In order for the constants of the two 


* By “symmetric dashpot” is meant a dashpot with prop- 
erties governed by a symmetric energy barrier. 
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models to correspond, the limiting relationship for 
small values of af is employed—that is, the value 
1 

ats (6) 
is substituted into the equation for the linear model. 
It is clear that, for this particular set of constants 
at least, the extension curves for the two models 
almost coincide. This near coincidence is mislead- 
ing, however; when the rate of strain is altered, the 
Eyring model gives a corresponding change in the 
stress which agrees much better with experimental 
data than the prediction of the linear model. 
Furthermore, the extension curve for the Eyring 
model will, in general, have a narrower yield region 
than that for the linear model. As the value of a 
increases, the yield point becomes increasingly 
sharp; this does not occur with the linear model, of 
course. 

The Eyring three-element model also accom- 
plishes the feat of extending the relaxation and 
creep functions over experimentally reasonable time 
intervals. The step of increasing the number of 
elements in the linear models achieved this same 
result, it will be recalled. Thus, the Eyring three- 
element model appears to be a distinct advance al- 
though its mathematical expressions are rather 
cumbersome. This last objection was overcome in 
large part by the expedient of using ‘‘reduced vari- 
ables” and graphical analysis [8, 14], as illustrated 
for a very simple case in Figure 8. 

In using the graphical method, repeated stress- 
strain cycles are represented by the curve OABCD. 
The retraction cycles do not double back toward the 
origin simply because the recorder chart of the 
Sookne-Rutherford balance was at no time re- 
versed. Hence, the strain and time axes coincide— 
that is, / = pt, where p is the constant rate of strain. 
Now it is obvious that the initial slope of the exten- 
sion curve must be the sum of the spring constants 
(ki + ke). After the yield region has been passed 
and the dashpot is flowing at a constant rate defined 
by the stress f,, the slope will be that of the open 
spring ke. Since the total stress F is the sum of the 
stresses in the open spring and the Maxwell element 
at all times and since both springs are Hookean, a 
straight line OH proceeding from the origin of slope 
k2 can be drawn to represent the stress on the open 
spring F — f. This line is termed the “spring 
line.” The difference in the ordinates of the spring 
line and extension curve, respectively, must at all 
times be equal to the stress f on the Maxwell 
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element, which reaches the constant value f, 
beyond the yield region. 

Now suppose the rate of strain is instantaneously 
reversed in direction; the ‘‘spring line’’ must reverse 
in slope as shown in segment HI. Likewise, upon 
repeating the process of extension and contraction, 
the spring line follows the course IJK. If the rate 
of strain is reduced to zero at point D, relaxation 
will take place, with stress increasing along the 
dashed curve DE, with the spring line horizontal 
during the relaxation. Next, the fiber is extended 
slightly at rate p, giving the curve EF. A second 
relaxation from point F will then yield a decreasing 
stress along the curve FG. If this process of alter- 
nate stress-strain and relaxation cycles (‘‘bracketing 
process’) is carried further, with progressive reduc- 
tions in the stress range, eventually a relaxation 
curve coinciding with the spring line will be found. 
The existence of this locus of points of no relaxation 
is basic to the hypothesis of a three-element struc- 
ture and allows an independent calculation of the 
spring constant k», from the relation F, = /k.. It 
should be stated that most experimental curves are 
not quite so simple as that of Figure 8. Often 
point B lies above the strain axis because of initial 
stresses in the fiber. However, a very similar 
graphical process can be used [8] and there is no 
need to discuss this complication here. 

The analysis up to this point has yielded the 
elastic constants k; and ky. The next step is to 
determine the ‘“‘viscous constants” a and K without 
using the cumbersome expressions given in Figure 6. 
This was accomplished by Halsey, White, and 
Eyring [14] by employing “‘reduced variables’— 
that is, imposing the boundary conditions (f = 0 
att =0,f =1latt = o, f = } até = 1) upon the 
solution of the basic differential equation: 


l= 77+ Ksinh af. (7) 
l 


For the constant-rate-of-extension type of experi- 
ment, the solution was found to be: 


E op ee a Rees At | 


Vi+ e 





In - 





1+ $= tanh Ar | 

f ae vi+ 8 i (8) 
1 + +s | 

4 





vi + @ 
1-8, 
ee ape ea 
+ ate 


In 





wh 


curv 
Bis 

St 
“Wo! 
for b 
from 
off 5 
the 1 
cide 
these 
the | 
begir 
beloy 
ceed} 
ing 
value 
Thes 
ordin 
retic 
the ¢ 
for st 

WI 


closel 





1948 


A escarey ey 


1+8 )( 1-8, ) 
———--+ j }{ ————+1]-1 

| ae vite 

= p/B; 


AUGUST, 


where 








A =tanh- (9) 
(10) 


1478 
(11) 
ae 


22 =~ In 28 (large 8); 


ioe ees 


and 


2A 


. (12) 
~ Kant ee Be 


It must be remembered that these equations are 
given in terms of the ‘“‘reduced units” defined by 
the special boundary conditions. Suppose the 
stress f(t2) is selected as that value of f correspond- 
ing to the time tz, which is twice the time ¢; required 
to reach one-half the value of the steady stress f,. 
In reduced units, tg = 2. Substituting the value 
t = 2 into equation (8), it is now possible to plot 
f(tz) against 8 or In B, as shown in Figure 8. This 
curve is then generally useful for any fiber obeying 
the laws of the Eyring three-element model. For 
the stress-strain cycles of Figure 8, for example, 
f(tz2) can be obtained from the observed extension 
curve as indicated, and the corresponding value of 
8 is read from the general f(t:) vs. In 8 curve. 

Substituting this value of 8 into equation (8), the 
“working curve,” also shown in Figure 8, is plotted 
for both positive and negative values of ¢. Starting 
from the origin of the ‘‘working curve’”’ and reading 
off positive values of f, it is possible to construct 
the theoretical extension curve, which should coin- 
cide with the experimental curve OA, by adding 
these values of f to the corresponding ordinates of 
the spring line OH. Then, reading values of f, 
beginning at point A’, which is the same distance 
below the time axis as point A is above, and pro- 
ceeding toward and through the origin of the work- 
ing curve until reversal again takes place, the 
values of f for the retraction curve are obtained, 
These values, of course, are added to corresponding 
ordinates of the spring line HI to give the theo- 
retical retraction curve, which should coincide with 
the observed curve AB. The process is repeated 
for subsequent stress-strain cycles. 

When the theoretical and observed curves agree 
closely, there is reason to suspect that the simple 
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Eyring three-element model is an adequate repre- 
sentation. Furthermore, the value of 8 employed 
can be considered as reasonably accurate. Since 
p, the rate of extension, is known, the viscous con- 
stant K can be calculated and a may be determined 
from equation (11). In most cases, the approxi- 
mate relation a ~ In 26 can be used. 

There are several other methods of determining 
8. For example, similar analysis to that given 
above, using reduced variables, permits calculation 
of B (and hence also of a) from the relaxation curve. 
Another method’ of obtaining 8 involves stress- 
strain experiments at different rates of strain differ- 
ing by a factor . Thus it has been shown [8] 
that, for large values of 8, 


B= 


fo)e. 
— 


This latter method is particularly good since the 
value of 8 thus obtained depends only on scale fac- 
tors and is hence independent of the exact shape of 
the stress-strain curves. It should be remarked 
that a similar but somewhat more complicated 
method of analysis can be employed with stress- 
strain curves at constant rate of loading and for 
creep curves [8, 14, 15, 22]. 

At this point in the analysis, the constants k,, 
ko, a, and K have been determined. Their existence 
as constants indicates the correctness of the assump- 
tion of the Eyring three-element model. For 
several acetate rayon samples, excellent quantita- 
tive agreement between theory and experiment has 
been obtained [21], indicating that the molecular 
structure of acetate rayon must correspond to that 
of the Eyring three-element model. For high- 
tenacity viscose rayon, however, experimental 
curves showed a progressive broadening of the yield 
region with recycling and a clearly defined spring 
line could not be determined by the “bracketing”’ 
technique. Furthermore, for nylon and wet wool 
fibers, still other phenomena, such as asymmetric 
relaxation,* thixotropy, the lowering of the “upper 
envelope’ of repeated stress-strain cycles, and the 
upward inflection of the extension curve at high 
strains, were not explained by the simple Eyring 
three-element model. Hence, it became necessary 


Ip lR-, (13) 


where 


*For some fibers, the relaxation with increasing stress is 
more rapid than that with decreasing stress. This is an im- 
portant factor in the resilience of wool and is referred to as 


“‘asymmetric relaxation.” 
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to generalize this model to make it conform to ex- 
perimental results. The remaining discussion in 
Part I of this paper will be concerned with the 
various generalizations of the model which have 
been employed. These are summarized in Table 
II. 

The first generalizing step employed was the as- 
sumption of a non-Hookean open spring [22]. A 
non-Hookean spring is easy to imagine in a molecu- 
lar network and, in fact, can be produced in a 
macroscopic model. The non-Hookean springs as- 
sumed were still non-dissipative, of course. Their 
introduction into the three-element model compli- 
cated the graphical analysis slightly but did make 
possible the qualitative prediction of a final upward 
inflection in the extension curve [13]. However, 
the phenomena of an ill-defined spring line, asym- 
metric relaxation, and thixotropy remained un- 
explained. 

The next step consisted of the assumption of an 
asymmetric barrier—that is, use of equation (1) in 
place of equation (5) for the flow of the Eyring 
dashpot, in the three-element model with a non- 
Hookean open spring [13]. This generalization 
resulted in non-integrable solutions of the basic dif- 
ferential equation. However, it was shown that 
approximate values of 6 could be computed from 
ratios of values of f. at different rates of strain. 
The major accomplishment of this generalization 
was to explain ‘‘asymmetric relaxation.” 

The third step was the addition of another Max- 
well element to the simple three-element model with 
all springs Hookean but with dashpots possessing 
different degrees of non-Newtonian behavior [17 ]. 
When this five-element model failed to accomplish 
all required of it, the springs were considered non- 
Hookean and the asymmetric barrier was assumed 
for the dashpots. All phenomena except thixotropy 
were then explained qualitatively, at least. A theo- 
retical approach toa thixotropic viscous element has 
been made [12] also but the analysis is rather in- 
volved. Incidentally, a comprehensive summary 
of theoretical work based on the Eyring type of 
mechanical model is given in the introduction to this 
paper [12]. 

A final glance at the history of Eyring non-linear 
models, as summarized in Table II, suggests that a 
point of diminishing returns was being approached. 
Although the Eyring concept of non-linear models 
appeared to constitute a distinct advance over the 
earlier linear models, still there seemed to be little 
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chance of explaining quantitatively the complicated 
thixotropic behavior of wool. Hence, it seemed 
necessary to take the bolder measures which have 
been outlined by Burte and Halsey [5] and which 
will be further discussed in the light of preliminary 
experimental data on wool in Part II of this paper. 


The Mechanical Properties of 
Wet Wool Fibers 


1. Limitations of Spring-Dashpot Model 


Part II. 


It has been pointed out in Part I| of this paper 
that analysis by means of spring-dashpot models of 
the mechanical behavior of wet wool fibers is very 
difficult, even when the models are generalized to 
include the concepts of non-Hookean springs, asym- 
metric non-Newtonian dashpots, and an increased 
number of spring-dashpot elements. Since this 
second portion of the paper is concerned with the 
explanation of experimental data on wet wool fibers, 
it seems desirable to inquire in some detail into the 
various points of breakdown of the spring-dashpot 
concepts. Suppose we consider the most frequently 
observed type of stress-strain cycle for a wet wool 
fiber as shown by continuous lines in Figure 9. 
Suppose the experiment depicted in Figure 9 has 
been performed in the usual manner—that is, the 
wool fiber has been soaked in water with no external 
stress for several hours before testing at constant 
rate of strain. Thus, the fiber was in a completely 
relaxed condition at the beginning of the experi- 
ment, represented in the figure by the origin O. 
Now, if an Eyring three-element model (see Figure 
6) is assumed, the use of a non-Hookean open spring 
with a stress-strain curve OD [13] (usually referred 
to as the ‘‘spring line’’) appears justified, when only 
the extension portion of the cycle is considered; 
that is, the stress on the dashpot f. out remains con- 
stant after the yield region X has been passed. In 
the case of the retraction experiment, however, the 
condition imposed by the three-element model that 
fe in Yemain constant after passing the yield region 
Y is not met unless an artificial origin O’ is postu- 
lated. Since the fiber was completely relaxed at 
the beginning of the experiment, and since the stress 
on the open spring must be a single-valued function 
of the elongation, the existence of the artificial 
origin O’ is precluded. Hence, the three-element 
model fails to explain completely the retraction 
phenomenon. It is obvious, furthermore, that this 
difficulty is not removed by increasing the number 
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of elements in the model. It should be mentioned 
here that Dunell and Halsey [7] have developed 
more complicated dashpots in which f, can change 
once the yield point has been passed. 

Another difficulty encountered in the interpreta- 
tion of stress-strain curves of wet wool by means 
of spring-dashpot models is illustrated in Figure 10. 
Here it is seen that actually two “special lines of 
no relaxation” [12] (spring lines) are observed by 
the ‘‘bracketing procedure’’—one for relaxation 
from the extension curve and the other for relaxa- 
tion from the retraction curve. This particular 
situation can be explained by increasing the number 
of elements of the model to five or more, thus 
complicating the analysis considerably. 

A third serious difficulty is experienced when 
repeated force-strain cycles are performed with wet 
wool fibers. The situation is illustrated in Figure 
11, the progressive lowering of the successive exten- 
sion curves and partial recovery of initial properties 
upon soaking for extended periods under zero stress 
(thixotropy) constituting phenomena not explained 
by any spring-dashpot model without postulating 
very complicated behavior for at least one of the 
dashnots. 





2. The Two-State Model 


Other points of departure of spring-dashpot 
theory from experiment are frequently found but it 
is not necessary to discuss them at this point. 
Suffice it to say that a new theoretical approach 
was required. A beginning in this direction which 
appears to be generally consistent with the concept 
of the a — @ transition in keratin [2, 4, 6] has been 
made [5]. This new attack is based on the as- 
sumption that, when flow occurs, a section of the 
molecular chain constituting the material changes 
from a configuration A to a configuration B, thereby 
becoming unable to elongate again. Initially, the 
small elastic deformation of both structures is 
neglected and the elongation is set proportional to 
the fraction of the material in the B configuration. 
The two components are further assumed to be in 
solution with one another and the rates of trans- 
formation are then found to be proportional to the 
relative abundance of the transformed species. 
These rates are written in the manner of the Eyring 
theory of reaction rates. A diagram of the free 
energy barrier assumed to separate the states A 
and B of this so-called two-state model is shown in 
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Figure 12. Finally, a correction term to account 
for the elasticity of the molecules is added and the 
differential equation 
p= 5G + (1 — Wyle’ KDemet 

— bl,’/Ke?"-eF, (14) 
relating stress F, time ¢, and elongation /’ due to the 
dl 
dt’ 
the constant over-all rate of elongation, ka is the 
spring constant of the molecular chains in the A 
state (assumed Hookean) which is assumed equal 
to k,, that for the molecules of the B state. For 
full definitions of the other symbols, reference 
should be made to the original paper [5]. In brief, 


A —B transformation, is obtained. Here p = 


»( = a) is the fractional population of the ex- 


Ps 
tended configuration state B, /,’ is the elongation 
when all of a molecular segment is in the B state, 
uw is the asymmetry coefficient of the potential 
barrier separating states A and B, and the quan- 
tities a, K, and D are defined by the relations: 


mA | 
otal (4) 
K = Mol ¢-arinr, (15) 
D= e-AFV/RT (16) 
reaction rate (A > B) = (7) 
dt AB 
= (1 — b)KDe™*F, (17) 
reaction rate (B — A) = — (7) 
dt / Ba 
= bKe 2 Hark, (18) 
An auxiliary relationship, 
/ 1 
= pt — k, F, (19) 


which embodies the assumption of Hookean mo- 
lecular chains in both the A and B states with the 
same spring constant ka, permits elimination of ¢ 
from the differential equation (14). Unfortunately, 
equation (14) cannot be easily integrated, but step- 
by-step methods yield a stress-strain cycle, shown 
in Figure 13, which closely resembles a single cycle 
for materials of the wool-nylon-rubber type. 

In order for this two-state model to apply, the 
following two conditions must be met: 
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1. The locus of points of no relaxation must be a 
single-valued function of the elongation. 

2. The envelopes must be reproducible after each 
return loop—that is, thixotropic effects must be 
absent. 

In order to eliminate the restrictions given above, 
a three-state model (see Figure 14) is advanced, 
with a third configuration state C existing at the 
same elongation as the initial state A but at a higher 
energy level. At the risk of some repetition, this 
three-state model will be treated more fully here 
than in the original paper [5]. 


3. The Three-State Model 


Suppose that the B structure can contract to the 
intermediate state C, which, while it occupies the 
same elongation as A, is at a higher energy level 
because all of the secondary bonds of the A struc- 
ture have not re-formed. Since these bonds are 
assumed to re-form at constant elongation, they 
will do so at a rate that is undisturbed by the stress. 
This condition is represented in Figure 14. Sup- 
pose also that the energy barrier for the reaction 
B —C is less than that for the reaction B — A. 
The reaction C — A is, like the others, character- 
ized by a free energy barrier. With such a system, 
if the population is initially in the A state, extension 
will cause it to migrate to the B state. On retrac- 
tion, the greater portion of it will go to the C state, 
since AF, < AF;. Immediate re-extension will re- 
quire less stress than the initial extension because 
AF,* + AF, < AF, + AF.* + AF,* (see Figure 
14). During the second retraction, the same path 
as before will be followed. If the sample is allowed 
to rest at zero elongation, the reaction C — A can 
take place, and a subsequent extension will require 
the same stress as the initial extension (providing 
the rest period is sufficiently long). This is a 
typical case of thixotropy. On repeated cycling, 
the extension curve will reach a limiting low value 
representing the condition where the same amount 
is returned to the A state on retraction as is removed 
from it on extension. It will be noticed that this 
model shows no thixotropy of the retraction curve. 
It is characteristic of a system of this type that, 
if a second extension be continued past the highest 
value previously reached, the extension curve will 
return to the higher level associated with the 
A — B transformation. These processes are well 


illustrated by the stress-strain curves of Figure 11. 
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The first extension is marked 1, three immediate 
re-extensions are marked 2, 3, and 4. It will be 
noted that the curves for these immediate re- 
extensions coincide. The retraction curves for all 
four cycles coincide. If after a rest in water of 12 
hours, four additional cycles are performed, exactly 
the same set of curves will be obtained, indicating 
that thixotropic recovery has taken place during 
the 12-hour rest. It will be noted that on continu- 
ing the fourth extension past the highest value of 
elongation previously reached, the extension curve 
returns to the higher level of the first extension. It 
is difficult to make an Eyring-type dashpot show 
this latter behavior, yet it arises quite naturally 
from the present analysis. (The experimental pro- 
cedure used to obtain these curves is given on 
page 459.) 

Between any two states in an energy-elongation 
plane there exists a definite population distribution 
at equilibrium. This distribution can be calcu- 
lated from the energy-level differences between the 
various states [5]. In the development of the two- 
state model, it was implicitly assumed that the 
energy difference between states A and B was great 
enough to make the population in B at equilibrium 
negligible. For the three-state model, however, 
there might be a large concentration in the C state 
at equilibrium. Whether or not this equilibrium 
distribution is actually attained in the natural fiber, 
it is probable that the molecular chains often exist 
in a variety of energy states. The effect of sucha 
population distribution is shown in the stress-strain 
curve of Figure 15. Region 0-1 represents the 
elastic deformation of the long-chain molecules in 
the folded form. Region 1-2 represents extension 
due to the CB reaction which starts after a 
certain definite yield point is reached. When the 
C state is practically empty, the stress will rise 
quickly to that necessary to initiate the A —B 
reaction. Region 2-3 represents extension due to 
the A— B reaction. At point 3, the A — B reac- 
tion is essentially complete, and the region 3-4 
represents extension due to elasticity of the un- 
folded molecular chains. Region 4-5 probably 
represents slippage of the unfolded molecular chains 
over each other prior to break, and could possibly 
be represented by the Eyring-type dashpot. 

The equations for the three-state model can be 
written in much the same manner as those for the 
two-state model and a calculated curve for a given 
set of constants is given by Burte and Halsey [5]. 
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In this case the elasticity correction is not applied. 
The existence, for this set of constants, of the 
secondary yield point in the extension curve is 
theoretically predicted. 


4. Modification of the Three-State Model 


In the application to experimental data of models 
containing a small number of states, the states used 
should not be thought of as discrete entities, but 
rather as convenient averaging points for a spec- 
trum of states. The low-elongation spectrum can 
be either continuous or discontinuous, as will be 
shown below. 

The assumption is now made that the spectrum 
of states at the high elongation resembles that at 
the low elongation in its over-all characteristics 
(that is, continuous or discontinuous), the major 
difference being that the states of the former are 
much closer to each other than those of the latter. 
In other words, the spectrum at the high elongation 
is squeezed together. It is further assumed that 
the states comprising the high-elongation spectrum 
are continually in equilibrium with one another. 

The three-state model of Figure 14 will then be 
modified by the addition of a B’ state. It is evident 
that if the B and B’ states are very close to each 
other, and if the equilibrium between them is 
rapidly attained, the inclusion of this new state 
need not give rise to thixotropy during the reverse 
reaction. ‘The other qualitative properties of the 
modified model will be similar to those of the three- 
state model. 

The difference between the two models can per- 
haps be most readily appreciated by comparing the 
equations for the stress-strain curves. The equa- 
tion for the three-state model is written by com- 
bining equations (23) and (50) of Burte and Halsey 
[5] as follows: 


-7(F) 
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where k’, the weighted average spring constant, is 
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and the populations of the A, B, and C states add 
up to unity: 


a+b+c=1. (22) 


459 
It has been assumed here that the rate of the A > C 
reaction is slow enough to preclude its taking place 
during the time necessary to perform a single cycle 
of extension and retraction. (The significance of 
the symbols can be obtained from Table III.) 
The equation for the modified three-state model 
will become 


-7() 
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+ bln’ Koe24-#o«cF], (20a) 
where 


a+b+0')+ce=1. (22a) 


The assumptions as to the nature of the B and B’ 
states dictate that b = b’ = bro7/2 and equation 
(20a) reduces to 
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Comparison of equations (20) and (20b) shows 
that the only difference between the two models lies 
in a factor of 2 in the term for the reverse reaction. 
The modified model can thus be thought of as a 
three-state model and will be referred to as such. 
Since only this model will be used, the population 
of the B and B’ states, broz, will be designated 
simply as 0. 


5. Analysis of Experimental Data 


A quantitative analysis of some of the experi- 
mental data obtained in this laboratory will next 
be presented. The raw wool fibers * used were 
ether-extracted and water-washed. All experi- 
ments were carried out with the fiber immersed in 
water at about 30°C, generally after soaking for at 
least 12 hours. The stress-strain curves were ob- 
tained by elongating the fiber at a constant rate of 
elongation either with the Sookne-Rutherford fiber 
balance [24] or the Instron fiber tester [16]. The 
experimental procedure for mounting the fibers was 

* The source of raw wool fibers, as shown in the figures, was 
Eavenson and Levering Co., American wool 48’s sound, except 
for curves D and F of Figure 16, which were Harris Research 


Laboratories, 56/60’s wool and South Australian Merino 
‘secondary wool fibers,’’ respectively. 
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similar to that previously described [14]. The 
fiber diameter was measured microscopically and 
was taken as the arithmetic average of some twenty 
random measurements along the length of the fiber. 
The stress-strain curves obtained can be divided 
into two separate classes and these will be described. 
In this paper only a single cycle of extension and 
retraction will be analyzed, a quantitative consider- 
ation of the thixotropic effects presented in the 
stress-strain curves of Figure 11 being deferred 
until a later date. 

The simplest system capable of exhibiting thixo- 
tropic behavior is the three-state model of Figure 
14. (As previously stated, only the modified model 
will be considered.) There are two possible ar- 
rangements of the low-elongation states A and C, 
giving rise to the two types of behavior previously 
mentioned: 


1. The activation energies for flow of the A and 
C states do not differ greatly enough to give a de- 
cided secondary yield point in the extension curve. 
This is experimentally represented by the stress- 
strain curve of Figure 9, which is the type of curve 
most commonly reported in the literature. 

2. The activation energies for flow of the A and C 
states differ considerably, the result as described 
previously being a definite secondary yield point in 
the stress-strain curve. The region of the extension 
curve before the secondary yield point represents 
emptying of the easy-to-flow C state, whereas the 
region of the curve after the secondary yield point 
represents emptying of the more difficult-to-flow A 
state. Figure 15 gives an experimental stress- 
strain curve of this type. 

As would be expected, there is a wide range of 
behavior between the extremes of Figure 9 and 
Figure 15. In Figure 16 some of the typical 
extension-to-break curves obtained are shown. No 
extensive correlation of the existence of the second- 
ary yield point with type of wool, morphological 
nature, or chemical composition has as yet been 
attempted. In no case to date has there been a 
clear indication of more than one “‘hump”’ in the 
curve, although the shape of the stress-strain curve 
just prior to break is often strongly indicative of a 
third flow process (see page 458). In all cases, if 
the fiber is immediately re-extended after the first 
cycle of extension and retraction, there is a lowering 
of the upper envelope (Figure 17). (In describing 
these stress-strain curves, the part of the extension 
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curve after the yield point X will be referred to as 
the upper envelope (U.E.). Similarly, the retrac- 
tion curve after the yield point Y will be referred 
to as the lower envelope (L.E.).) This lowering of 
the U.E. indicates the need for at least a three-state 
system. 

The analysis of a stress-strain curve showing no 
secondary yield point is, of course, simpler and 
will be considered first. Equation (20b) can be 
greatly simplified by making several approxima- 
tions. As pointed out above, the activation ener- 
gies for flow from both low-elongation states are not 
greatly different. Thus, for the analysis of the first 
extension curve, the factors (K,D,D.2) and (K2D;) 
are replaced by (KD)q., which will be an average 
of the two. Three further assumptions are then 
made: wa = wo = wt, a4 = ac =a,kg =k. Equa- 
tion (20b) then reduces to 


—_ 1 dF 4 € 2uak 
p — bk’ ( dt ) + be (a + c) (KD) ave 


= ate (Ky + Kee? wer, (23) 


From equation (22) and letting 
(Ky + Ke) _ 2Ros, (24) 


equation (23) reduces to 
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Comparison of equation (25) with equation (14) 
indicates that the over-all result has been the substi- 
tution of a two-state for a three-state model. ‘This 
should be permissible if the processes for flow are 
not widely separated and if no thixotropic effects 
are to be considered. The above procedure allows 
the calculation of average constants which, for the 
complex molecular system of wool, is all that can 
be anticipated in the near future. The effect of 
making the above approximations will be con- 
sidered shortly. 

Now the total elongation is the sum of that due 
to the AC and C > B transitions (/’) and the 
elastic elongation (/’’): 
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Substituting for /’’ the value f (19), for k’ from 


equation (26), and for /’ the value 0/,’, in equa- 
tion (27): 
baie F[(1 — b)ks + bka] 
kako 





(28) 


The assumption that kg = k, = k’ will be made here 
and justified later; solving equation (28) for 6, 
! = Lt 
l — g= Fe 


i, r (29) 


Thus, at any value of the stress, to calculate /’ it is 
necessary only to subtract /’’ = F/k’ from / (the 
total elongation); /,,’ can be obtained in the same 
way, and b = /'/],,'. 

Since /”’ is small, 


52) 
k’\ dt 


will be small compared to p, and the difference of 


the terms 
bi) 
e~ FN G 


can be assumed constant without great error (see 
Figure 7 of reference [5 ]). Thus 
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Equation (25) can now be written as 


p' = (1 — b) (KD) avbn’e?#*” ae | OO TP aa aaa (31) 


If F is large as it is during extension, it is probable 
that the bKa,/.’e2"-2" term of equation (31) is 
negligible compared to the (1 — b)(KD)q)l.,/e#*" 
term, whereupon a greatly simplified equation for 
the upper envelope can be written: 


= (1 — ber, (32) 
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b = 0 should result. 
The statement has previously been made that 
k, = ky = k,; that is, that the spring constants of 
all the molecular configurations are the same. If 
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at the start of the elongation 6 = 0, then ka, the 
spring constant of the folded form of the molecules, 
is the slope of the stress-strain curve in the low- 
elongation region where the fiber obeys Hooke’s 
law. When most of the molecules have become 
unfolded (that is, when )— 1), the stress-strain 
curve should continue to the breaking point by 
elastic stretching of the unfolded molecular chains, 
and the slope of the extension curve should be >. 
Inspection of the curves of Figure 16 shows that 
the slope of the curves in the final “‘upswing”’ region 
before break (region d—e, curve B) is always much 
less than the initial slope (region o-a, curve B), 
indicating that k, ~ ku. However, if in this final 
region before break, elongation is truly occurring by 
an elastic stretching, retraction from points such 
as A in Figure 17 should cause the curve to double 
back on itself for the amount of elongation that 
occurred after the unfolding reaction was completed. 
The fact that the retraction curve is initially much 
steeper than the extension curve, even in this region 
where the unfolding reaction must be almost com- 
plete, indicates that, at these high stresses, yet 
another mechanism of elongation must be con- 
sidered as contributing to the total rate p. This 
mechanism possibly consists of slippage of the 
long, unfolded molecular chains over one another, 
similar to the action postulated for an Eyring-type 
dashpot [14]. The assumption that such a slip- 
page has a higher activation energy for flow than 
the unfolding of the folded chains, and thus will not 
occur until the unfolding reaction is substantially 
complete is not unreasonable. The slight concavity 
toward the elongation axis of the extension curve in 
the final ‘“‘upswing’’ region (Figures 15 and 16) is 
support for this view. 

Since, at a point of no relaxation, elongation and 
retraction are due solely to the elastic stretching of 
the molecular chains, the average spring constant 
k’ will be the slope of the extension or retraction 
curves in the region of the point of no relaxation 
[5]. Points of no relaxation were obtained by the 
bracketing technique (see Figure 18). It is evident 
that the extension and retraction curves in the 
vicinity of such a point have practically the same 
slope, and that the spring constants derived from 
these slopes are nearly equal to the spring constant 
in the initial Hooke’s law region. (It should be 
noted that the effect of crimp at very low forces 
and elongations has been neglected. To get the 
true initial elongation, the stress-strain curve in the 
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Hooke’s law region is extrapolated back to zero 
stress,) Consideration of equation (26) reveals 
that it is thus possible to set k, = ky. Since k’ is 
large (1’’ is small), this assumption, even if not quite 
correct, will involve only slight error. 

In order to apply equation (33) to the upper 
envelope of Figure 19, a value of /,’ must be ob- 
tained. Since the chain-slippage mechanism of 
flow becomes appreciable at high values of the 
stress, it is necessary to extrapolate the upper 
envelope, from a point such as A, in a manner which 
will allow it to approach asymptotically the final 
slope k’ which it would have had if there were no 
chain-slippage. The curve should rise very rapidly 
as the A and C states are completely emptied [5], 
and a reasonable extrapolation can be made to give 
a rough estimate of /,’.. When this is done as indi- 
cated in Figure 19, /,.’ is seen to be about 0.30 and 
values of } for corresponding values of F can be 
obtained either from equation (29) or from the 
graphical procedure outlined by Burte and Halsey 
[5]. Plotting these values (Figure 20) as required 
by equation (33) results in a straight line. The 
only deviation is in the first two points. This 
deviation arises partly from the approximation 
made in equation (30) (see Figure 7 of reference [5 ]) 
and partly from the approximation that a two-state 
model can be used. Thus the region X~B (Figure 
19) would correspond to the emptying of states 
which have activation energies for flow slightly 
smaller than the over-all average. A similar region 
at high elongations A—-C where the points should 
lie above the straight line of Figure 20 is masked by 
the beginning of the chain-slippage mechanism of 
flow. The following constants were calculated from 
the curve for the upper envelope (Figure 20): 


k = 1.49 X 107 gm/cm?, 


i,’ = O30, 

Qua = 1.13 X 10-> cm2/gm, 
=. oa 
(RD) 85.6, 


p’ = 0.00164 sec“, 
(KD)av = 0.638 XK 1074 sec. 
As pointed out in reference [5 ], it is possible as 
a first approximation to write for the lower envelope 





po = — dK alee 20-eF (34) 
or, considering p’ as always positive, 
1 1 p’ 
= ~.—— Ind — 35 
F ar nb (35) 


2(1 wis ea ‘4 Kala’ 
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Thus if F, for the lower envelope, is plotted against 


In 6, a straight line with slope i Se and inter- 
2(1 — pa 
1 p’ 


cept = isa ca | at 6b = 1 should re- 
sult. Calculating 6 by the same procedure used 
for the upper envelope, and plotting F vs. In} 
(Figure 20), a straight line is obtained between 


1 = 0.01 and / = 0.175. The constants calculated 
from this straight-line relationship were as follows: 


2(1 — w)a = 2.42 XK 10-5 cm?/gm, 


» ee = 
Kopp = 14 X 10%, 
p’ = 0.00178 sec“, 


K,, = 0.52 sec. 


These constants have been used with equations (29) 
and (31) to calculate the theoretical points shown 
in Figure 19. It is apparent that the break to the 
theoretically required lower envelope (indicated by 
the dashed line DEF) is very slow. This behavior 
can arise partly from the approximation made in 
equation (30) (see Figure 7 of reference [5 ]), and 
partly from the fact that some of the chain-slippage 
elongation which occurred in the region A—G of the 
upper envelope is being recovered in the region 
GYE of the retraction curve. The deviation is, 
however, much too great to result entirely from 
these factors, and no explanation can as yet be 
given. 

It is of interest to determine whether the con- 
stants calculated are consistent with the various 
approximations: 


1. As predicted, k’ is quite large, making the as- 
sumption implicit in equation (29) allowable. 
2. In the region X—A of the upper envelope, the 


maximum variation of ; (Fr) is from 0.4 X 107! 


sec! to 3 X 10-4 sec. Inspection of the curve 


indicates that the average :(#) is much closer 
to the lower value. Both are small compared to 
p(= 18.1 X 10-* sec), and the assumption of 
equation (30) is valid. p’ was taken as the re- 
ciprocal of the time required to elongate from b = 0 
tob = 1. A similar analysis holds for that portion 
of the L.E. fitted by the theory. 

3. At any point in the U.E., say at /’ = 0.15 
(b = 0.50, F = 4.57 gm/cm?), the relative magni- 
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tudes of the two terms of equation (31) were calcu- 
lated as follows: 


(1 7 b) (KD) arln'e7#*" 
= (0.5)(0.638 & 10-*)(0.3) (e 18 (4-57)) 
= 16.7 X 10-4 sec", 


ore 
(BK )avbs ees e (2-42) (4.57) 


~ 8 X 1077 sec". 





It is evident that the approximation made in equa- 
tion (32) is justified. 

4. At a point in the L.E. where the theory is 
fitted, 7’ = 0.075 (6 = 0.250, F = 1.27 gm/cm?), 
the relative magnitudes of the terms of equation 
(31) were calculated as follows: 


(1 — b)(KD)qulsn'e20F 
= (0.75)(0.638 X 10-4)(0.3) (e427) 41) 

0.60 X 10-4 sec", 

(0.25) (0.52) (0.3) 


e (2-42) 1.27) 





b(K)arkn'e 20 —WeF = 
= 18 X 10-* sec". 


It is evident that the approximation of equation 
(34) is also justified. 

5. The assumption was made in calculating the 
constants that, at the start of the elongation, b ~ 0. 
An equation relating 6 at zero stress and equilibrium 
conditions can be derived [5]: 


D 
Using the assumption already made that we can 


approximate the behavior with a two-state model, 


- ED, 


Da. = (37 
(Kan atl 





and Da, = 1.23 K 10-4. Calculating bo from equa- 
tion (36), bb = 0.000123 ~ 0. 

Using equations (4), (15), and (16), the average 
constants for the assumed two-state model were 
found to be 


k = 1.49 X 107 gm/cm?, 
1.’ = 0.30, 
un = 0.318, 
Vn = 1480 X 10-*4 cm? = (11.4 A)’, 
AF = 17,500 cal/gm-mol, 
AF* = 5,270 cal/gm-mol. 


The difference between the energy level of the 
folded and unfolded states of about 5 k.cal. is of 
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the order of magnitude of the energies of ‘hydrogen 
bridge’”’ bonds [20]. (It is assumed that the free- 
energy difference is predominantly due to an energy 
rather than an entropy effect. This is in accord 
with the well-known fact that it requires less stress 
to elongate a wool fiber at high temperatures than 
at low temperatures [25].) This result suggests 
that, regardless of the exact nature of the folded 
structure, the main type of bond stabilizing the 
folds may be a hydrogen bridge between amide and 
carbonyl groups in the polypeptide chain. The 
value found for /,’ indicates that the unfolded 
structure is about 1.3 times as long as the folded 
structure. No attempt has been made as yet to 
determine the meaning of V;, in terms of molecular 
dimensions. 

The analysis of stress-strain curves of the second 
type—that is, those showing a secondary yield 
point—can be carried out in a similar manner. 
Here, however, a complication arises owing to the 
fact that a model with at least two low-elongation 
states must be used to describe the “hump.”” The 
factor (K.D,) will be appreciably greater than 
(K,D,D2) and (usaa) may not equal (ucac). 
Equation (32) for this case must be written as 

, 
Po = aK D,Dre™s424F 4 cK Dyer#creF, 


/ 
8] 


(38) 


™~ 


If the processes are widely separated, however, it 
can be assumed that, in the region of the U.E. well 
after the secondary yield point, the C state has 
been practically completely emptied. Thus in this 


region (2-4 of Figure 15), c = 0, anda =1— 8. 
Equation (38) then reduces to 
—_P__ sg _. p)tnanar (39) 
lp’ K,D,Dz2 , 
or, solving for F, 
F : £ thal de. 





= 2uAaa 7” l,'KiD,D, ‘" 2uAQa 


which is similar to equation (33). Thus if values 
of F vs. In (1 — 8), calculated as for the previous 
case, are plotted, a straight line should be obtained 
for that part of the U.E. well after the secondary 
yield point. This has been done for the U.E. of 
Figure 15, and the results given in curve | of Figure 
21 bear out the validity of the above assumption. 

For that region of the U.E. before the secondary 
yield point (1-2 of Figure 15), elongation is pro- 
ceeding mainly by transfer of population from 
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GENERAL EQUATIONS: fq k,l, 
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Fic. 1. Maxwell element. 
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Fic. 3. Linear three-element model. 
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GENERAL EQUATIONS : 1 
Fk, l+ni Korte $ 


l= (= le = Bene F 


Reloxation (| » Const.): 
Fs Kol (No Reloxation) 


Creep ( F *Const.): 
1-L(i-e 
Ko 





);T 22 
ak 

P -+F 

Constant rate of strain( L "P= Const): 
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Fic. 2. Votgt element. 
GENERAL EQUATIONS: | 13k, 
FeZK 1 FEN V , leg ke \ssks 
‘ ’ 
ot Ae % bh Ubon Woon C4 
Special case :-Relaxation §, f2 fy 
fe fe where ; T,= N/K, F 
Feltke 
t 
Continuous distribution: 


Fic 


F(t)= UfKit)-e"* at where; Vfkery-at=1 


;. 4A. Distribution of relaxation times, Maxwell 
elements in parallel. 
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Wiechert distribution. 
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Fic. 5. Energy barrier for flow. 
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Fic. 7. Force vs. strain, three-element model. 
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Fic. 9. Variation of three-element model equilibrium 
force, fx, for a wet wool fiber. 

* Since the experimental data are obtained in terms of 
the total force, it is so designated in the illustrations. In 
the text, however, stress, which is force per unit area, will 
be used consistently. 
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and lower envelopes. The black dots represent points of 
no relaxation from upper envelope; the black squares, 
points of no relaxation from lower envelope. 
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Fic. 11. Stress-strain curves illustrating several 
features of thixotropic behavior. 
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Fic. 14.  Three-state model in a free-energy 
elongation plane. 
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Fic. 12. Diagrammatic representation of the potential ‘ . ; , 
Abt 2 f P Fic. 15. Stress-strain curve of wool sample showing 
energy barrier separating states A and B. 


effect of the folded chains existing in two states which are 
at different energy levels. Temperature = 30°C; relative 
humidity = 100%; dl/dt = 0.0034 in./sec.; initial length 
= 1.45 in.; initial diameter = 0.86 XK 10-3 in. 

* Secondary yielding process, preliminary to break, is 
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Fic. 13. Stress-strain cycle for two-state model. obtained with wet wool fibers. 










Avucust, 1948 


FORCE. (GM) 
w o 5, ( ) e 


FORCE (GM) 


b> 




























/s 
0; 
ELONGATION® (IN.) 

Fic. 19. Stress-strain curve for wool, sample 61, show- 
ing no secondary yield point. Temperature = 70°F; 
relative humidity = 100%; dl/dt = 2 in./min.; initial 
length = 1.84 in.; initial diameter = 1.24 X 10 in. 

Y * Elongation is expressed as a fraction of the original 
‘ os te a length. 
ELONGATION (IN) 
Fic. 17. Two stress-strain curves showing lowering of 
the upper envelope after first extension and constancy of 
the lower envelope. 
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Fic. 18. Curve showing points of no relaxation ob- ‘ 
tained by the bracketing technique. ~ ee ee ee 
extension or retraction. 
—-—-—-— relaxation at constant elongation. Fic. 20. Wool sample 61, plot of F vs. |In (1 — b) for 


* points of no relaxation. upper envelope and F vs. |n b for lower envelope. 





eure) 


STRESS 
w& 






° 
0.04 Q06 O08 O! o3 04 Os OB 10 


O2 
(-b), (i-b-a) 


Fic. 21. Plot of: (1) F vs. In (1 — 6) and (II) F vs. 
In (1 — b — ao) for the extension curve of Fig. 15. 


the C state, and as a first approximation, the 
(aK,D,Dye424") term of equation (38) may 
be assumed negligible when compared with the 
(cK2Dy,e¢*c") term. The equation reduces to 


an on sii = 2ucacF 

i/KD, (1—b — ae A (41) 
where dp may be taken as the value of (1 — 3) in 
the region of the secondary yield point. Inspection 
of Figure 21 shows that ap ~ 0.60. Equation (41) 
can be solved for F to give 


1 p’ 
P= 353| “kp. 
Values of F are plotted against In (1 — b — ap) in 
curve II of Figure 21. A straight line is obtained 
for values of b well below the secondary yield point. 
In the region of the secondary yield point the points 
lie below the line, which (since the A > B reaction 
is becoming more and more significant) is to be 
expected. 

The constants obtained from the U.E. for this 
fiber were: 


In (1 — ba) |. (42) 


i,’ = 0.36, 

ag = 0.60, 

p = 2.33 X 10-3 sec“, 

p’ = 2.3 X 107? sec, 

k = 119 X 10° gm/cm?, 
2usaa = 0.68 X 10 cm?/gm, 
2usaz = 0.78 X 10> cm?/gm, 

K,D,Dz, = 0.60 XK 10-* sec, 
KeD,; = 3.13 K 10-3 sec. 
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Fic. 22. Stress-strain curve for a wet wool fiber ex- 
hibiting a secondary yield point in both extension and 
retraction curves. Temperature = 70°F; dl/dt = 0.2 in., 
min.; initial length = 2.20 in.; initial diameter = 1.32 
x 10-3 in. 


Consideration of the values found for these con- 
stants indicate that the use of equation (42) is not 
too well justified since (aK 1D,Dy,e#4%4") is an appre- 
ciable fraction, about 20 percent, of (cK.D,e#¢7e*), 
The values calculated from equation (42) can be 
regarded only as rough approximations. However, 
the activation energy factors K2D, and K,D,D, do 
differ quite significantly, and the presence of the 
secondary yield point is not surprising. 

The assumption was previously made that the 
spectrum of states at the high elongation resembles 
that at the low elongation, except that the states 
are closer together. It might be expected, there- 
fore, that a fiber showing a secondary yield point 
in the upper envelope would show one to a lesser 
degree in the lower envelope. This is true in the 
great majority of fibers tested to date, and is illus- 
trated by the stress-strain curves of Figure 22. 
Fibers lacking a secondary yield point in the upper 
envelope never showed indications of one in the 
lower envelope. The curves of Figure 17 also illus- 
trate the difference between the lower envelopes of 
curves showing the two types of behavior. The 
absence, to date, of any thixotropy of the lower 
envelope necessitates the postulate that the high- 
elongation states are in continuous equilibrium with 
each other, but further experimental data may 
negate this. 

The ideas presented in this paper are at present 
being expanded in an attempt to explain the ma- 
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jority of the complex mechanical properties of wool. 
It can be stated that many fibers show a lowering of 
the upper envelope after more than one cycle of 
extension and retraction, which is not recovered 
after a rest period (in water) up to several months, 
and in general no further recovery is observed after 
the first 24 hours. It is evident that an irreversible 
breakdown process is occurring. The simple hypo- 
thetical case where no recovery at all is apparent 
would be represented by AF; = & in the three-state 
model of Figure 14. The presence of two break- 
down processes, one reversible (thixotropic) and one 
irreversible, would, of course, dictate a more 
complex model than that of Figure 14 for its 
explanation. 


Summary 


Analysis of the first cycle of extension and con- 
traction at constant rate of wet wool fibers at room 
temperature indicates: 


1. Spring-dashpot models, either of the linear or 
non-linear Eyring types, are inadequate to explain 
the complex stress-strain behavior. 

2. The behavior of fibers which do not show a 
“secondary yield point’’ in extension may be ex- 
plained with fair accuracy by the ‘‘two-state model” 
of Burte and Halsey [5 ]. 

3. The behavior of fibers showing a ‘‘secondary 
yield point” in the extension curve is in accord with 
the predictions of the “three-state model” [5]. 

4. The ‘‘three-state model”’ offers possibilities for 
elucidating thixotropic behavior but analysis of 
repeated cycle data is reserved for a later paper. 
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Measurement of Friction Between Single Fibers’ 
III. Influence of Different Treatments on the Frictional 
Properties of Wool Fibers 
Joel Lindberg 
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Introduction 


This paper reports the continued experimental 
work performed with the apparatus for frictional 
measurements previously described [3]. Some ex- 
periments reported earlier have been repeated and 
the results have been further confirmed. The paper 
deals primarily with the influence of different 
shrinkproofing agents on the frictional properties 
of wool. 


Scaliness of Wool and Its Relation 
to the Felting Process 


The quantitative relationship of the peculiar fric- 
tional properties of wool to the felting process has 
been expressed in different ways by different au- 
thors. Speakman [6] used the term ‘‘scaliness,” 
which he defined as a where pe is the 

1 
anti-scale and y,; the with-scale coefficient of fric- 
tion. Bohm [2] used only uw. — wi as an expression 
for the felting capacity. Mercer [4] defined the 
directional frictional effect (D.F.E.) as TS cf, 
Me + 

No attempt has been made to explain the signifi- 
cance of these three expressions with respect to the 
felting process, which is obviously partly due to the 
lack of a definition of felting. 

It can be considered as a fact, however, that the 
frictional properties of wool have an effect on the 
felting process, as follows: When the fibers in a 
fiber mass are caused to move by external forces— 
as in hand milling, for example—they can move 





* The first paper in this series appeared in the September, 
1947, issue, page 488, of this JOURNAL, and in Proceedings of 
the Swedish Institute for Textile Research, No. 3 (1947). The 
second paper appeared in the May, 1948, issue, page 287, 
of TEXTILE RESEARCH JOURNAL and also in the May issue 
of the same Proceedings, No. 6 (1948). 

Part III is appearing simultaneously in the Proceedings, No. 
8 (1948). 


only within certain limits under ordinary circum- 
stances. These limits depend upon the maximum 
possible movements that can be transferred to the 
fibers by the external kneading action. With wool, 
however, the fibers are easier to move in the direc- 
tion of the root than in the direction of the tip. 
There is consequently a resulting movement in rela- 
tion to other surrounding fibers and the fiber will 
change its position entirely or partly. To all move- 
ments there is a resistance due to the friction be- 
tween the fibers and also to the necessary bending 
of the fibers. Only the frictional resistance will be 
considered here. To overcome this resistance a 
certain quantity of kinetic energy must be trans- 
ferred from the surroundings to the fibers. This 
energy is transformed to heat in the fiber mass. 
The energy is transferred to the fiber mass by forces 
acting on the fibers or part of the fibers in different 
directions. Over a sufficiently long period the di- 
rections of the forces on each fiber can be considered 
to be distributed at random. 

The system is idealized to consist of a part of a 
movable fiber in contact with an immobile one. 
The movable fiber is supposed to move only in two 
opposite directions (the fiber axis directions). ‘The 
normal pressure, N, is constant during the whole 
period. The forces act alternatively for short 
periods in the two directions, and these impulses 
transfer energy quanta of an average value of 
E. The length of the movements is /; and bh, 





respectively. 
Therefore 
E = Nu; (1) 
E= Npols; (2) 
E E 
l — l, = = (3) 
, " Nu Nye 
E/1 1 
bp ee (4) 
2 = 7 
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Coefficient of friction (42) 





Inversed value of the normal pressure (7/9) 


Fic. 1. The relationship between the coefficient of friction 
and the inversed value of the normal pressure. 


The difference /; — J, is an expression for the rela- 
tive resulting movement. 


we ls) is symbolized by the letter A = 


(5) 


This expression is considered to be more significant 
of the relationship between the frictional properties 
and the felting than those mentioned above. 


Experimental Data 


The types of wool used for the following measure- 
ments were South American 64s and 46s and the 
fibers were cleansed either by soap-washing and 
ether extraction or by dispersion of the dirt and 
greasy matter in water by supersonics. Treatment 
by supersonics at moderate frequency has an ex- 
cellent cleansing effect, much superior to that of 
ordinary washing, and it is easier to perform [5 ]. 


A. Variation of Friction with Different Normal Pres- 
sures 


In order to test the validity of the previously 
suggested equation for the anti-scale coefficient of 
friction [3], 

cAQ 

= — 6 
Me = wa + V (6) 
where cA is the number of active scales hooking in- 
to each other, Q is the average scale resistance, and 
N is the normal pressure, the measurements of the 
friction at different loads were repeated. ‘The re- 

sults are shown in Table I and Figure 1. 


05 7.0 45 
Normal pressure (Yfnm) 


Fic. 2. cAQ plotted against the normal pressure. 

It was not only the strength of the fibers that 
prevented us from measuring the friction at higher 
normal pressures, but also the fact that some abra- 
sion of the fibers took place at sufficiently high 
normal pressure, resulting in an increase of the 
coefficient of friction. This increase at higher 
normal pressures (Figure 1) has also been the sub- 
ject of separate investigations described later in 
this paper. , 

The expression cA is probably a function of the 
normal pressure and this function can be deter- 
mined from the curve for win Figure 1. The value 
of cAQ is obtained from the curves and plotted 
against N in Figure 2. The curve in Figure 2 will 
then give the variation in the resistance due to the 
scales, and, since Q is approximately constant, also 
the variation in the number of active scales with 
different normal pressures. The value of cAQ ap- 
proaches a limit value, when the normal pressure is 
increased. This is consistent with the assumption 
that the scales have a maximum resistance. 


B. Variation of the Friction with Temperature 


The experiment on the relationship between fric- 
tion and temperature reported by Lindberg and 








TABLE I. COEFFICIENT OF FRICTION AT 
DIFFERENT NORMAL PRESSURES 


1 1 1 1 
N N 
(mm./g.) 


H2s N Mak N Mis N Mik 
(mm./g.) (mm./g.) (mm./g.) 

0.34 0.29 4.6 0.17 4.7 

0.30 G27: 42 0.16 3. 

0.28 os. 2 0.16 2. 

0.25 0.22 0.15 .: 

0.23 0.22 0.16 1. 


x 














472 


rising temperatures 
A--e- falling ” 


Coefficient of friction Cy) 





Temperature (°C) 


The variation of the coefficient of 
friction with temperature. 


Fic. 3. 


Gralén [3] was repeated, but arrangements were 


made which enabled us to perform the measure- ' , ; 
‘pH 1.2-1.4; Mcllvaine’s buffer solutions (mixture 


ments at higher temperatures than before. In 
order to check the reversibility, the measurements 
were performed at intervals—first up to 90°C, then 
back again to about the original value. The fibers 
were immersed in distilled water. The results are 


shown in Table II and Figure 3. 
It is seen that the change in friction is almost 


perfectly reversible. The curve for y; is horizontal 
above 70°C, but the curve for pe falls at tempera- 
tures up to 90°C. This property seems not to be 
shared by at least the synthetic fibers. Measure- 
ments on nylon fibers, for example, show a con- 
siderable increase in the friction at higher tempera- 
tures. It is a well-known fact that the friction is 
higher between plastic surfaces than between harder 
ones. Nylon, being a thermoplastic material, be- 
comes more plastic with increasing temperatures. 
Wool is not a thermoplastic in the sense that nylon 
is, but when extended in water it shows a plastic 





TABLE II. COEFFICIENT OF FRICTION AT 
DIFFERENT TEMPERATURES 
Temperature Mes Mis Ss 6 

(°C) 

20 0.34 0.15 3: 0.39 
30 0.33 0.14 4.1 0.40 
40 0.32 0.13 4.6 0.42 
50 0.27 0.12 4.6 0.38 
60 0.24 0.11 4.9 0.37 
70 0.21 0.10 a2 0.35 
80 0.19 0.10 4.7 0.31 
90 0.17 0.10 4.1 0.26 
70 0.22 0.11 4.6 0.33 
50 0.26 0.13 4.8 0.33 


26 0.33 0.16 0.35 
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flow, which increases with increase in temperature, 


We do not know whether this plasticity increases | 


the friction, but, if so, the friction is depressed by 
other effects. One possible explanation is the de- 
crease of the viscosity of water, which was the 
medium used for all these measurements. ‘The de- 
crease in the difference between yu. and yw; must be 
due to a decrease of the average scale resistance, Q, 
in equation (6). If there is any change in CA, it is 
probably an increase, since the wool is more plastic 
at higher temperatures. 


C. Friction After Different Chemical Treatments of 
the Fibers 
The investigation of the frictional properties after 
different chemical treatments was continued, and 
the friction at various pH values was measured. 
The following solutions were used: sulfuric acid, 


of 0.1M citric acid and 0.2M disodium phosphate), 
pH 4.1-4.6 and 7.4; sodium carbonate, pH 10.5- 
10.7. Consecutive measurements were made at 
different pH values, the fibers always being im- 
mersed in the proper solution 24 hours before meas- 
uring. Four couples of fibers were measured, two 
starting at the lowest and two at the highest pH 
value, and the average of all four couples at each 


TABLE III. Friction AFTER TREATMENT WITH 
VARIOUS REAGENTS AND MEASURED AT 
Four DIFFERENT pH VALUES 





Treatment pH 28 Mok Mis Mik 
Melamine resin 1.4 0.36 0.32 0.21 0.19 
(4 couples of fibers) 46 0.37 0.31 0.19 0.18 

74 0.39 0.34 0.21 0.18 

10.5 0.37 0.34 0.21 0.19 

Benzoquinone 1.2 0.26 0.21 0.15 0.14 
(1 couple of fibers) 41 0.25 0.21 0.17 0.15 
74 0.30 0.25 0.17 0.14 

10.7 0.27 0.23 0.13 0.12 

Alcoholic potassium 14 067 0.59 0.53 0.39 
hydroxide 4.6 0.66 0.51 0.52 0.39 
(3 couples of fibers) 7.4 0.72 0.56 0.58 0.41 
10.5 0.71 0.57 0.59 0.42 

Potassium permanganate 1.2 0.38 0.35 0.23 0.20 
(4 couples of fibers) 41 0.34 0.31 0.23 0.19 
74 0.32 0.31 0.21 0.19 

10.7. 0.39 0.38 0.25 0.22 

Chlorination in alkaline 1.2 0.39 0.33 0.28 0.23 
solution 4.1 0.39 0.33 0.29 0.24 
(3 couples of fibers) 74 0.36 0.34 0.25 0.20 
10.7 0.38 0.36 0.26 0.23 

Chlorination in acid 1.2 0.74 045 0.74 0.43 
solution 4.1 0.73 0.38 0.72 OA! 
(3 couples of fibers) 74 0.66 0.43 0.68 0.48 
10.7. 0.74 0.45 0.78 0.53 


P 


NAL 


ure, 


ases [| 


| by 
de- 
the 
-de- 
t be 
ey 
it 1s 
istic 


's of 


fter 
and 
l. 
cid, 
ture 
ite), 
0).5- 


Aueust, 1948 





TABLE IV 





Treatment Scaliness 
Potassium permanganate ° 0.28 50 
0.23 0.15 53 
0.43 0.26 65 
Alkaline chlorination ; 0.36 0.26 38 
0.35 0.20 75 
Acid chlorination é 1.04 0.96 8 
0.13 0.16 23 
‘ 0.70 0.69 1 
Untreated : 0.45 0.20 125 
0.38 0.19 100 








pH value was taken. In some cases, however, 
fibers were broken before all the measurements were 
made. The results are given in Table III. 

It is seen that in all cases the difference between 
the coefficients of friction at different pH values 
is small. 

Melamine Resin. The fibers were treated with a 
25-percent solution of methylated methylol melam- 
ine with diammonium phosphate as a catalyst. 
After squeezing and drying, the resin-impregnated 
fibers were baked at 140°C for 10 minutes. 

Benzoquinone. ‘The fibers were treated for 48 
hours at 50°C in a 1-percent solution of benzo- 
quinone in 5-percent alcohol buffered to pH 5. 
After the treatment they were washed in distilled 
water. 

Alcoholic Potassium Hydroxide. The fibers were 
immersed for 13 minutes in 7-percent alcoholic solu- 
tion of KOH. This was followed by neutralization 
in 7-percent alcoholic solution of sulfuric acid, and 
thorough washing in distilled water; 95-percent 
alcohol was used. 

Potassium Permanganate [1]. The fibers were 
immersed in a solution of 0.5-percent potassium 
permanganate in 0.5N sulfuric acid for 15 seconds, 
rinsed in water, and cleared by immersing in 2- 
percent sodium bisulfite for 30 seconds. 

Alkaline Chlorination [1]. The fibers were 
treated with a solution containing 4 percent chlorine 
on the weight of wool. Sodium hypochlorite con- 
taining 0.16 percent available chlorine was buffered 
to pH 8 with boric acid. The chlorine was ex- 
hausted in 60 minutes, and the fibers were then im- 
mersed in 2-percent sodium bisulfite for 2 minutes. 

Acid Chlorination [1]. The same treatment was 
used as with alkaline chlorination, but instead of 
boric acid 0.5N sulfuric acid was used. ‘The chlo- 
rine was exhausted in 10 minutes. 

In the case of treatment with potassium per- 


TABLE V._ FRICTIONAL COEFFICIENT FOR 
DIFFERENT ABRASIONAL TREATMENTS 








Treatment a bes 


Rubbing fiber against fiber, d 0.20 
when the fibers are inserted 2 0.24 
in the twist friction meter 0.24 
(a = number of cycles, 0.29 

_ N = 1.0 g. per mm. fiber 0.33 
length) 0.37 

0.48 
0.64 
Do. N = 0.8 g. per mm. fiber 0.28 
length 0.38 
0.48 
0.49 
0.57 
0.62 
0.63 
0.63 

Do. N = 0.4 g. per mm. fiber 0.32 

length 0.24 

0.28 
1000 0.30 
1500 0.29 
2000 0.38 

Untreated 0.31 

Treated 0.40 

Untreated 0.38 

Treated 0.48 

Untreated 0.43 

Treated 0.51 


Rubbing fibers with silica be- 
tween finger and thumb 
Rubbing the fibers against 

emery cloth 





manganate and alkaline chlorination, Alexander [1 ] 
reports a very low value for the “‘scaliness” (see 


page 470) in alkaline solutions. We tried to repeat 
his experiments using the same pH solutions. 

The measurements were made in acetic acid at 
pH 3 and 2-percent sodium oleate-0.5-percent so- 
dium carbonate at pH 10, followed by a subsequent 
measurement in acetic acid. The fibers were im- 
mersed for 24 hours in each solution. ‘The results 
are given in Table IV. 

There are only small changes in the coefficients 
of friction with these treatments compared with the 
acid chlorination, and no remarkably low value for 
the ‘‘scaliness”’ in alkaline solution was found. For 
acid chlorination, however, there is a very drastic 
decrease in both frictions in sodium oleate. The 
sodium oleate was very difficult to remove from the 
fibers in distilled water, and after several washings 
we still had a very low value for the friction. After 
hydrolyzing the oleate with acetic acid the friction 
rose again. The oleate is a polar substance with 
an ionic activity, and its strong affinity for chlo- 
rinated wool, together with the decrease in friction 
compared with untreated wool, suggests another 
isoelectric region for the chlorinated surface layer. 
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D. Friction After Different Mechanical Treatments 
of the Fibers 


According to Speakman [7 ] it is possible to make 
wool unshrinkable by the use of different abrasives. 
Some measurements of the frictional properties were 
performed after exposing the fiber surface to an 
abrasional effect. The treatments used were: 


1. The fibers were rubbed against each other, 
when inserted in the twist friction meter. The 
normal force between the fibers was changed by 
changing the tension. The measurements were 
performed in distilled water. 

2. The fibers were rubbed for a while between 
finger and thumb, together with the use of a silica 
dispersion. 

3. A glass rod was covered with fine-grade emery 
cloth, a weight was appended to one end of the 
fiber, and the fiber was drawn a certain number of 
times over the emery cloth while the weight and 
the fiber were rotated. 

The results are shown in Table V. 

In all cases the abrasion causes an increase in the 
coefficient of friction, but the difference between 
the anti-scale and the with-scale friction seems not 
to be so easily removed. In the first case no notice- 
able effect is obtained, if the normal pressure does 
not exceed a certain, not-too-low value. 


Discussion 


All the chemical, mechanical, or other factors 
which affect the frictional properties of wool have 
in all cases resulted in an increase in the with-scale 
coefficient of friction. The treatment with water 
at elevated temperatures is the only exception to 
this rule. The with-scale frictional coefficient of 
untreated fibers has a remarkably low value, espe- 
cially for synthetic fibers. This must lead to the 
conclusion that the surface of a natural fiber like 
wool is very smooth and hard and perhaps has a 
different chemical composition from that of the 
interior layers of the fiber. When the fiber is ex- 
posed to suitable chemical or mechanical actions, 
the surface layer is removed or partly destroyed. 
The surface will then be rough or the keratin layer 
immediately under the surface will have other prop- 
erties, which results in a higher, coefficient of fric- 
tion. The scales responsible for the difference be- 
tween the anti-scale and the with-scale frictions 
need not be affected. This is seen in the treatment 
with alcoholic potassium hydroxide, in which the 
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with-scale friction increases but the scale resistance 
is not affected. With other treatments such as 
chlorination the attack goes deeper into the interior 
layers and the scale structure is weakened, so that 
the scales can either be removed bodily or be partly 
destroyed to give smaller resistance (Q in equation 
(6)). If an agent is to make wool nonfelting, the 
cause of felting—namely, the difference between the 
anti-scale and the with-scale frictions—must be re- 
moved. If only the resistance against fiber move- 
ment is increased by increasing the friction, the 
wool will felt just as much, but slower, because a 
higher amount of energy must be transferred to the 
fiber mass in order for felting to occur. 


Summary 


1. The friction of wool fibers at different loads 
has been measured and an equation derived previ- 
ously for the anti-scale friction is tested. 

2. The friction at different temperatures has been 
measured up to 90°C. Both coefficients of friction 
decrease with decreasing temperatures, and the 
change is reversible. 

3. The friction at various pH values after treat- 
ment with different nonfelting agents has been 
measured. No appreciable change in the friction 
was obtained. 

4, The friction was measured after different abra- 
sional treatments. In all cases there was an in- 
crease in the frictional coefficients. 
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Measurement of the Frictional Properties 
of Wool Fibers’ 
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Harris Research Laboratories, Washington, D. C. 


Abstract 


The surface of a wool fiber consists of a series of overlapping scales so arranged that when 
the fiber is rubbed from the tip towards the root it is considerably rougher than when it is 
rubbed in the reverse direction. Accordingly, when a material containing wool fibers is sub- 
mitted to mechanical action such as occurs in laundering or in fulling processes the fibers tend 
to migrate in the direction of their roots. This migration tendency is recognized as one of 

yads the principal factors in the formation of the entangled mass known as a felt, and in the excessive 
shrinkage which wool materials exhibit during laundering. 

An instrument for measuring these surface frictional properties on individual fibers is 
described. Measurements made on many wool fibers indicate large variations in frictional 
een properties. The relationship between friction and diameter was studied and no significant 
correlation was found. Measurements made in the dry state resulted in all cases in lower 


eVi- 


tion 
the 


eat- 
een 
tion 


bra- 
in- 


values than measurements made on the same fibers in the wet state. The coefficients of friction 
of a few varieties of wool and of human hair and mohair are described. 





Tue ABILITY of wool and other animal-hair 
fibers to felt has long been recognized as one of the 
most important and unique properties possessed by 


any class of fibers. On the one hand, it contributes 
in a major way in the manufacture of hats, felts, 
blankets, and a great variety of wool fabrics; on the 
other, it has an enormous nuisance value since it is 
responsible for the tendency of wool fabrics and 
garments to shrink excessively under ordinary laun- 
dering conditions. This nuisance value became so 
critical during the war that the Office of The Quar- 
termaster General inaugurated an extensive research 
program directed towards a better understanding of 
the felting phenomenon and the methods for com- 
bating it. The present paper discusses one phase of 
the problem—namely, the contribution of the surface 


* This article is the fourth one from this laboratory of a 
series dealing with the principal phases of the program of the 
Office of The Quartermaster General on shrink-resistant 
wool clothing. The first article appeared in the February 
12, 1945, issue of the American Dyestuff Reporter, the second 
in the April, 1946, issue of the TextiLteE RESEARCH JOURNAL, 
and the third in the January 26, 1948, issue of the American 
Dyestuff Reporter. This work was performed under the 
auspices of the Committee on Quartermaster Problems of 
the National Academy of Sciences. 


properties of wool fibers—and describes an instru- 
ment for measuring some of these properties.— A 
subsequent paper will deal with modification in these 
properties which occur during application of various 
shrink-resistant treatments. 


Surface Properties of Wool Fibers 


It has been frequently demonstrated that the sur- 
face of a wool fiber consists of a series of over- 
lapping scale cells which resemble the shingles on 
a roof [2, 6, 8, 12, 16, 17, 18, 19]. These are so 
arranged that when a fiber is rubbed from tip to- 
wards root it is considerably rougher than when it 
is rubbed in the reverse direction. It is apparent 
therefore that a wool fiber will have two coefficients 
of friction, and it follows that such a fiber will ex- 
hibit less resistance to movement or migration in the 
direction of its root when a material containing such 
fibers is submitted to mechanical action such as oc- 
curs in laundering or in a fulling process. This 
migration tendency has now come to be recognized 

7It is noteworthy that the war stimulated similar re- 
searches in England and Australia and resulted in the inde- 


pendent development of instruments, similar in principle to 
the one described in this paper [9, 11]. 














Fic. 1. The fiber friction meter. 


as one of the principal factors in the formation of 
the entangled mass known as the felt [1, 4, 5, 9, 11, 
13, 14, 15, 21, 22, 23]. 

It should be noted that a concept of felting empha- 
sizing the role of the surface scale cells is not new. 
Early investigations |7, 10, 20, 24] advanced ex- 
planations along these lines; however, most of them 
considered the scales to be a series of barbs which 
interlocked, a hypothesis which was never supported 
by direct observation. More recently, most investi- 
gators have come to realize that the contribution of 
the scales to the frictional properties of the fiber 
rather than to an interlocking mechanism appears as 
a more likely explanation of the felting properties 
of the hair fiber. 


Instrument and Method of Operation 


The instrument for the determination of the fric- 
tional properties of individual wool fibers is shown 
in Figure 1. A close-up of the fiber is also shown 
in Figure 2. 

The fibers are attached with polystyrene cement to 
small Bakelite tabs ()) (Figure 2) each weighing 
90 mg. The length of the fiber between the tabs is 
2 inches. The fiber (4) is placed over a cylindrical 
surface (B) and small weights (£) are hung on 
each tab (1) in order to remove the kinks or crimp 
in the fiber. The weight (£) was chosen somewhat 
arbitrarily but is considered to be the minimum load 
necessary to remove crimp from the fiber. A load 
is applied to one end of the fiber by means of a 
chainomatic device through chain (C) until the fiber 
just begins to slip. From the known, constant 
weight on the opposite end of the fiber and a similar 















Close-up of the fiber and felt. 


Fic. Z. 


weight plus the load applied through the chain at 
the instant slippage occurs, the coefficient of friction 
may be calculated from the equation : 


‘ Z 
= 0.733 log 10 ( - ) ’ 


where ,»= coefficient of friction; 7, = constant 
weight on one end of fiber; and JT = constant weight 
plus weight of chain at other end of fiber. 

In these studies, the reference surface (BP) is a 
wool felt weighing about 19 oz./yd.*. It is wrapped 
around the rod (/) and the ends are sewn together. 
To eliminate the possibility that the fiber will sink 
into or wear grooves in the felt, a dense, smooth 
material of low compressibility was chosen. 

The operating controls are shown in Figure 1. 
Load is added to the fiber through the chain by 
rotation of the drum carrying the scale (G), which 
measures the contribution of the chain to the total 
weight (7). The chain is moved up or down by 
an electric motor controlled by a switch (H). The 
knob (/) makes possible a more rapid movement of 
the chain in either direction. It is necessary to 
start each measurement with a constant tension on 
the hair and therefore with a constant length of chain. 
To accomplish this, the chain is so adjusted that the 


fine piece of platinum wire (J in Figure 2) is sus- 
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TABLE I. 


REPRODUCIBILITY OF FRICTIONAL PROPERTIES OF WET WOOL FIBERS 





Coefficient of friction 
Tip-to-Root 


lst meas. 2nd meas. Ist meas. 


0.31 
14 
17 
7. 
sae 
oan 
.20 
11 
18 
17 


Fiber No. 


0.19 








Root-to-Tip 
2nd meas. 


Derived frictional properties 
Friction difference Friction sum 
Ist meas. 2nd meas. lst meas. 2nd meas. 


0.11 0.73 
18 46 
17 Jl 
17 61 
24 70 
7 59 
14 .54 
IS aa 

46 
eb 





TABLE II. Errect of CHANGING THE FELT RUBBING SURFACE ON THE FRICTIONAL 


PROPERTIES OF WET WOOL FIBERS 








Root-to-Tip 
Felt 
A 
M2 
0.29 
10 
one 
23 
28 


Tip-to-Root 


Felt Felt Felt 


Felt 
A f 


A 
M2 
0.31 
14 
A7 


Fiber No. 


0 


1 
2 
a 
4 
5 





Average 0.39 


Felt 


B 


Me 


34 
17 
18 


“a0 
30 


Friction sum 
Felt Felt Felt 
A A B 
Mi + me wit me wa t+ me 


0.73 0.72 0.80 
46 BS 55 
Je 39 52 
61 63 65 
70 75 81 


Friction difference 
Felt Felt Felt 
A A B 
Mi — M2 Mi — Me Wi — Be 
0.14 0.12 
.19 i 
53 .16 
aba 15 
.19 ian 








0.67 


0.16 0.17 0.60 0.58 














TABLE III. FRicrionaL PROPERTIES OF VARIOUS 
TyPEs OF WooL FIBERS * 








Type of Wool Mi — M2 
0.33 
30 
22 
22 


He 
0.18 
mi) 
RB ” 
.16 


M1 
0.51 
Al 
37 
38 


Texas 
Australian 
Montevideo 
Cape 





* Measurements made in distilled water. 


pended at the lowest point of the catenary. An ad- 
justable pointer (K) may be moved to zero on the 
dial, thus eliminating the necessity for adding or 
subtracting corrections to the zero point. This 
makes possible a direct reading of the extent of 
movement of the chains which may then be con- 
verted into coefficient of friction from prepared 
tables. 

An optical system enables the operator to deter- 
mine the exact moment when the fiber begins to slip. 
This system consists of a light source, lens, set of 
mirrors, and a ground-glass screen (L) with a moy- 
able index (M). When the fiber is mounted on the 


TABLE IV. FRICTIONAL PROPERTIES OF 94 FIBERS 





Standard 
deviation 
0.060 
.059 
.047 
2 


Average 
0.387 
.208 
.164 
579 





felt, it can be put in such a position that the bottom 
of the weight (£) is in line with the center of the 
ground-glass screen (L). To accomplish this, ver- 
tical adjustments of the lens are made by means of 
the knob (JN), and adjustments of the fiber position 
are made by means of a thumb screw and slotted bar 
(O). The shadow image (P) of the end of the 
weight (£) is focused on the ground-glass screen 
(L) by moving the lens (Q) in its spiral mounting. 
The movable index (V7) on the ground-glass screen 
is adjusted to lie at the end of the shadow (P) of 
the weight (£). When the fiber slips, the image of 
the weight will appear to move away from the index 
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. 3. Distribution of the coefficients of friction for 
94 wool fibers. 


Since a magnifica- 


line on the ground-glass screen. 
tion of about four times is obtained in the optical 
system, a small movement of the fiber may be readily 


observed. 

Four separate measurements are made on each 
fiber in-both the root-to-tip and tip-to-root directions. 
In order te make measurements on the fiber im- 
mersed in a liquid, a battery jar containing the water 
is so placed that the fiber, the felt, and the lower 
portion of the chain are submerged beneath the sur- 
face of the liquid. In the experiments described in 
this paper, 7,, the constant weight on the free end 
of the fiber, was equal to 335 mg. (245 mg. from 
the weight E, and 90 mg. from the Bakelite tab) in 
the dry state, but when measurements were made in 
water, 7, decreased to 239 mg. owing to the buoying 


effect of the water. 
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wool fibers. 
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Fic. 4. Distribution of the friction difference for 
94 wool fibers. 


Definition of Terms 


Since the wool fiber exhibits two coefficients of 
friction, depending on the direction in which it is 
rubbed, it is necessary to define friction by two 
terms. The tip-to-root value, the higher coefficient of 
friction, is designated by the symbol p»,, and the root- 
to-tip value by p,. As will be shown later, these 
values change when a fiber is subjected to shrink- 
resistant treatments involving chlorine, alcoholic 
caustic, enzymes, etc., and, in general, the change 
results in a decrease in the difference between p, 
and w,. As a result of this smaller difference, the 
fibers in a shrink-resistant fabric exhibit less tend- 
ency to migrate when the fabric is submitted to 
mechanical action such as that which occurs in laun- 
dering or in fulling. It is apparent, therefore, that 
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The relationship between coefficient of friction 
and diameter for 49 wool fibers. 
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the algebraic difference between p, and p, is of con- 
siderable importance and it will be referred to as the 
friction difference. The migratory powers of a wool 
fiber are probably also affected by the absolute values 
of the friction, and this is expressed as the sum of 
un, and p,, which is designated the friction sum. 


Experimental Results 
Reproducibility of the Method 


The frictional properties of ten fibers of 50’s-grade 
wool taken from a knitted sweater were measured 
in distilled water against a felt surface. The fibers 
were allowed to dry and were then remeasured on 
the following day. The results, shown in Table [, 
indicate the apparent reproducibility of the results. 

It was also of interest to determine whether chang- 
ing the felt would affect the coefficient of friction. 
Accordingly, fibers nos. 1-5 were measured again 
against a fresh piece of felt (felt “B’’) from the felt 
sample described above. The data in Table II indi- 
cate that replacing the felt with a fresh sample can 
cause a slight variation in the measurements, and in 
this particular case the coefficient of friction in- 
creased about 10 percent. However, the friction dif- 
ference remained the same when the felt was changed 
and, therefore, evaluation and comparison of shrink- 
resistant treatments are possible over a long period 
of time. 


Variation of the Coefficient of Friction 


It is recognized that any classification of wool 
fibers refers to the average of a relatively wide range 
of values. In addition, wools from different parts 
of the world also differ in several respects, and this 
has given rise to generalizations concerning their 
respective properties. Accordingly, it is not surpris- 
ing, as shown in Table III, that wools from various 
parts of the world differ also in their surface fric- 
tional properties. However, a comprehensive sam- 
pling procedure would be necessary before values 
characterizing these types of wools could be given. 

Variations in frictional properties have also been 
shown to exist among fibers from the same fleece 
[11] and, therefore, it would be expected that fibers 
chosen from a fabric would exhibit wide variations 
in this respect. This is indeed the case, and, as 
shown in Figures 3, 4, and 5, the coefficients of 
friction, the friction difference, and the friction sum 
for the 94 fibers chosen from the knit fabric referred 
to above indicate approximately a normal distribu- 
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tion. In each figure the points represent the actual 
data and the curve represents the normal distribu- 
tion calculated from the average and standard devia- 
tion found. The averages and the standard devia- 
tions are shown in Table IV. 

The explanation for these wide variations is not 
readily apparent. Martin and Mittelmann [11] 
found that for fibers from the same fleece the varia- 
tion could, in part, be attributed to variation in diam- 
eter, both », and yw, increasing slightly with increase 
in the diameter. However, these same authors rec- 
ognize that there is considerable scatter of the points 
about the line relating coefficient of friction and 
diameter, and they state “that some factor other than 
diameter is important, the type of factor involved 
being perhaps the type of scale pattern whose fre- 
quency was correlated with diameter.” 

It should be emphasized that this conclusion was 
reached using wool from one fleece. To determine 
the relationship between friction and fineness for the 
fibers in a commercial fabric, the diameters of forty- 
nine fibers were measured. (The coefficients of 
friction of these fibers are included in those shown 
in Figure 3.) The coefficients of friction are plotted 
against the diameters in Figure 6 and the best 
straight lines, fitted by the method of least squares, 
are shown. The equations for the lines do not indi- 
cate any significant slope, and the coefficients of 
correlation between », and diameter and p», and di- 
ameter were found to be —0.12 and + 0.10, re- 
spectively. These low values, according to R. A. 
Fisher’s [3] standards of significance, indicate that 
there is no significant correlation between fiber diam- 
eter and coefficient of friction in this case. 


Frictional Measurements in the Dry and Wet States 


The measurements described above were made in 
distilled water against a wet wool felt. Measure- 
ments made in the dry state resulted in all cases 
in lower values than measurements made on the 
same fibers in the wet state. For example, a group 
of 5 wool fibers measured at 65% R.H. against felt 
gave values of », = 0.35 and ». = 0.21, while these 
same fibers measured in distilled water gave values 
of p, =0.42 and pp, = 0.30. Since the frictional 
studies were undertaken to gain an insight into the 
mechanism of felting such as occurs during launder- 
ing, most of the measurements were made with fiber 
and felt immersed in aqueous solutions. 
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2 TABLE \V. FRICTIONAL PROPERTIES OF MOHAIR, 
5: HuMAN-Hair, AND WOOL 
Sa hl Me Mi — Me Mi + pe 
Wool 0.40 0.22 0.18 0.66 
Mohair 23 5 .08 38 
Human hair 19 .09 10 .28 





Comparison of the Frictional Propertics of Wool, 
Mohair, and Human Hair * 


The frictional properties of 12 mohair fibers and 
7 human-hair fibers were measured in distilled water 
against wool felt and the results are shown in Table 
V. It is generally agreed that mohair and human- 
hair fibers do not felt so readily as do wool fibers 
and this is probably due to a number of factors. 
Nevertheless, the smaller friction difference of the 
latter fibers must also contribute to their lower felt- 
ability as compared with that of wool. 
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Relation of Specific Strength of Cotton Fibers 
to Fiber Length and Testing Method 
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Abstract 


Four cottons in commercial production, covering a range of such physical properties as 
strength, length, and fineness, were studied in a comparison of two methods of determining fiber 
strength—the individual fiber test and the Pressley flat-bundle test. 

Because of the combing action in bundle preparation, cotton fibers broken in the flat-bundle 
test represent the longer fibers found in a sample of cotton. These remaining fibers are not 
representative of the length of the original sample; and since fiber specific strength increases 
with fiber length, neither are they representative of the strength of the original sample. This 
increase in specific strength with increase in length is evident whether fibers are broken indi- 


vidually or in aggregates. 


The relationship between the logarithm of individual fiber tensile strength and the logarithm 


of the specimen length used is inversely linear. 


The flat-bundle test represents the strength of 


fibers whose specimen lengths were deduced to be between 46 and %p» inch. 





Tue APPARENT RELATION of the breaking 
load of cotton fibers to the method of test used to 
determine its value and to other physical properties 


of the same fibers has been studied by a number of 
investigators, both on the individual fibers and on 


the fibers in aggregates. A search of the literature 
reveals but few studies which approach the subject 
through a comparison of the strength of individual 
fibers of known length with that of the same fibers 
in aggregates. The present work attempts to make 
this comparison in the hope of detecting specifically 
the factors which affect the observed values. 

The Pressley flat-bundle test, which is in wide 
use for determining the strength of fibers in aggre- 
gates, was studied by Shepherd [11], who found 
evidence of variations between operators and_ be- 
tween instruments which he could not fully explain. 
Williams and Painter [12] observed variations which 
could be assigned to the type of instrument used or 
to the person making the test. Other factors which 
were seen to influence results were ribbon width, 
jaw pressure, bundle alignment, and the mechanical 
condition of the instrument. None of these investi- 
gators attempted to determine the extent of fiber 
selection in the flat-bundle test. 


*QOne of the laboratories of the Bureau of Agricultural 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 


Considerable work has been done on the influence 
of various factors on single-fiber strength. Mann 
and Peirce [3] found that the strength of individual 
fibers increased with increase in rate of loading. 
Meredith [4] summarized the average strength of 
fibers from typical cottons in export trade grown in 
the chief cotton-producing countries of the world. 
Moore [5] determined the strength of fibers from 
representative sections of the seed coat of several 
varieties grown in this country. However, little 
information is available on the relationship of the 
strength to the length of individual fibers from known 
varieties of American cottons. 

In the present investigation, the specific strength 
of individual fibers—that is, their breaking load in 
relation to their linear density—was correlated with 
that found for fibers tested in aggregates by use of 
the Pressley flat-bundle test. It was desired to de- 
termine whether maximum individual fiber strength 
was obtained in the bundle test and to illustrate the 
dependence of bundle strength on fiber selection in 
the combing process preliminary to break. The view 
was taken that comparable data obtained on several 
varieties, by the two methods of measuring strength 
with consideration given to the length groups in- 
cluded in the test, would demonstrate in a general 
way the extent to which the Pressley index is a 
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TABLE I. 

Classer’s 25% 
Variety length point 
(in.) (in.) 

Rowden 1% 1.02 
Stoneville 2B is 1.21 
Wilds 13 i 1.50 
Sea Island 1; 1.67 





* 1 gram/grex = 1.85 Pressley index, since 
1 pound 454 grams 





Array length 


Standard Coefficient Flat-bundle 
Mean deviation of variation strength 
(in.) (in.) (%) (gram/grex *) 
0.85 0.25 29.8 3.96 
0.98 0.31 31.8 3.98 
1.23 0.40 32.7 4.38 


1.22 0.53 43.9 4.68 












1 Pressley index = —————_—- = ————_ = 0.540 gram/grex, where 1 grex is defined as 1 gram per 10,000 


1 mg./0.468 inch 841 grex _ 


measure of fiber strength and can be used to repre- 
sent the strength of American cotton. 


Samples 


Four cotton varieties representative of American 
cottons in commercial production were used for the 
test. Since each sample was taken from one bale 
grown in one geographical area, it was not neces- 
sarily typical of the variety. Some of the physical 
characteristics of these cottons as determined by the 
standard methods are given in Table I. Stoneville 
and Rowden are American upland varieties used 
extensively by the textile industry. Wilds 13 is an 
American upland variety with longer fibers and 
greater flat-bundle strength. The use of Sea Island 
provided a type of cotton offering a wide range of 
length groups and unusually high strength as judged 
by standard tests. 


Experimental Procedure 


In the Pressley flat-bundle test [9], the strength 
in pounds per milligram (Pressley index) is that of 
10,000 to 15,000 fibers broken in ten ribbons of 
fibers of approximately equal weight cut to 0.468 
inch, as determined by the length of the clamping 
surface in the jaws. To facilitate comparison of 
flat-bundle values with those in single-fiber deter- 
minations, Pressley index has been. converted here 
to grams per grex. The flat-bundle strengths, so 
expressed, for the four cottons investigated are given 
in Table I. 

Bundles of fibers for other tests were also ob- 
tained by random selection from recently separated 
tufts of cotton and combed as recommended in the 
general procedure for sampling for flat-bundle tests. 
Ribbons of fibers were withdrawn from the combed 
bundles until an accumulated weight sufficient for 


meters [10], and 0.468 inch is the length of the clamping surface in the Pressley jaws. 





sorting (75 mg.) was obtained. Before the strength 
determinations were made, the fibers were first 
sorted into the length groups required for the indi- 
vidual fiber tests by the method adopted by the 
American Society for Testing Materials for length 
arraying [1]. An accumulation of fibers of each 
length group of Wilds 13 was made until sufficient 
fibers were available for a complete flat-bundle test 
for each length group. 

Fibers retained from the same length groups found 
in the flat-bundle fiber distribution were used for the 
determination of the breaking load of individual 
fibers. These values were obtained by means of a 
single-fiber tester developed in this laboratory, to be 
described elsewhere.* The values represent the load 
required to break a section near the center, distance 
between clamps (specimen length) 14 inch, at a con- 
stant rate of loading approximating 0.45 gram/grex 
second. Fiber weight fineness (linear density) was 
determined from a section cut to 0.468 inch, corre- 
sponding to the length of fibers in the flat-bundle 
test. The tests were conducted in an atmosphere of 


70° + 1°F, 65% = 2% R. A. 


Results 


In Figure 1 is given a comparison of the length 
distributions in original cotton and combed sample 
for the four cottons. These cumulative weight-dis- 
tribution curves indicate that the fibers selected are 
the longer fibers; therefore, any strength determina- 
tions made on the combed bundles represent the 
strength of these fibers. The calculated mean length 
of fibers in the combed sample exceeds the upper 
quartile length for the original cotton. Since in the 
longer varieties the percentage of short fibers (less 
than % inch) accounts for less than. 5 percent of the 


* Manuscript in preparation. 
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Fic. 1. Fiber-length distributions of Rowden, Stone- 
ville 2B, Wilds 13, and Sea Island varieties: (A) before 
combing; (B) after combing for flat-bundle test. 


weight in the Pressley flat bundle, these fibers have 
not been included in the comparative determinations. 

In Figure 2, curve a (for seven length groups at 
14-inch intervals) is drawn through the specific 
strength values of the Wilds 13 fibers, expressed as 
grams per grex—that is, as grams per unit of linear 
density, or weight fineness [10]. Curve b is that for 
observations on individual fibers of 44-inch specimen 
length. Fibers in the 7%¢-inch length group are 
stronger than those in the 1%¢-inch length group. 
This difference is of the order of 9 percent when 
fibers are tested by the flat-bundle method, and 12 
percent when tested as individual fibers. When the 
weighted average specific strength is calculated from 





TABLE II. 


> 
° 


SPECIFIC STRENGTH (GRAMS/GREX) 


9 13 17 21 25 29 33 
LENGTH ARRAY GROUP (1/16 INCH) 


Fic. 2. Specific strength for length-array groups 
from Wilds 13 variety determined by: (a) Pressley flat- 
bundle test; (b) single-fiber test (specimen length 
1/4 inch). 


the specific strength of individual groups of Wilds 
13, a value of 4.44 grams/grex is found, compared 
with 4.38 grams/grex when the fibers of all lengths 
are tested in the aggregate for this cotton. The 
difference between these values is so’small it can be 
assumed that the test on fibers in groups of equal 
length is equivalent to the test when fibers of all 
lengths are used. 

Similar increase in strength with length had been 
found for other cottons tested by the flat-bundle test. 
Williams and Painter [12] published data which in- 
dicated increase in strength of bundles with increase 
in length of fiber, but offered no interpretation. 
Between adjacent length groups the difference in 





STRENGTH OF INDIVIDUAL FIBERS FROM LENGTH GROUPS REPRESENTING 95% BY WEIGHT 


OF THE COTTON FOUND IN THE PRESSLEY FLAT-BUNDLE RIBBON 


Rowden Stoneville 2 
Standard 
error 


(g.) 
0.341 


Length 

group Average 

(76 in.) (g.) 
11 6.27 
13 6.85 
15 7.13 
17 7.65 
19 6.50 317 4.91 
at 7.36 .279 5.08 ‘ 
23 5.26 ‘ 
25 
27 
29 
31 
33 


Average 


(g.) 


4.56 
4.55 


365 
343 


Fiber strength * 


B 


Standard 
error 


(g.) 


375 = — 

0.218 
.226 
2o2 


240 
232 


Sea Island 
Standard 
error 


(g.) 


Wilds 13 
Standard 
error 


(g.) 


Average 


(g.) 


Average 


(g.) 


0.270 
.238 
252 
258 
.246 
.239 
227 


0.271 
213 
.263 
242 
.240 
257 
.220 
.228 
.204 
165 


4.76 
5.03 
5.46 
6.25 
5.77 
5.78 
5.68 


5.76 





* Strength values are the averages of at least 100 observations. Standard errors are for 100 observations. 
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TABLE III. Wetcur FINENEsS OF INDIVIDUAL FIBERS, 
DETERMINED ON CENTER SECTION OF FIBERS 
CORRESPONDING TO SECTION USED IN 
PRESSLEY FLAT-BUNDLE TEST 





Weight fineness 


Length Stoneville Wilds Sea 

group Rowden 2B 13 Island 

(v6 in.) (grex *) (grex) (grex) (grex) 
11 2.65 — — — 
13 2.58 — — — 
15 2.49 1.96 1.47 1.28 
17 2.26 1.95 Be 1.24 
19 2.04 1.90 1.66 1.23 
21 2.13 1.85 1.68 1.31 
23 1.87 1.64 1.28 
25 1.57 1.37 
27 1.43 1.38 
29 1.30 
31 1.24 
33 1.29 


* 1 grex = 2.54 micrograms/inch. 


strength is within experimental error; but over the 
range tested by the present investigators differences 
were found between extreme groups which are highly 
significant. Inspection of photomicrographs of cross 
sections of different length groups revealed no ap- 
parent difference in cross-sectional area of fibers; 
nor did x-ray patterns reveal consistent differences. 

It was necessary to use individual-fiber breaking 
load to confirm the increase in specific strength of 
fibers with increase in length found in the flat-bundle 
tests. In Table II are given the breaking loads at 
4-inch specimen length for 100 fibers from each 
length group of all four cottons. As in the flat- 
bundle tests on Wilds 13 cotton, breaking load of 
individual fibers in general increased with increase 
in fiber length, with the exception of some of the 
longer groups for which the more rapid decrease in 
weight fineness caused the opposite effect. This 
increase in breaking load with length does not bear 
out the findings of Nanjundayya and Ahmad [6], 
who reported the reverse to be true. Agreement 
with the work of these two investigators cannot be 
expected, however, as their determinations were 
made by attaching the clamps to the ends of the 
fibers, and thus the important factors of specimen 
length and fiber taper were ignored. In contrast, 
by clamping to the ends of the longer segment ob- 
tained in successive breaks on a single fiber, O’ Neill 
|7| found that the breaks occurred near the ends 
and that each successive test gave a higher value. 
He attributed this increase to the fiber variation in 


cross-sectional area. 








TEXTILE RESEARCH JOURNAL 


Since breaking load is a function of linear density, 
the weight fineness of length groups considered in 
the flat-bundle test is given in Table III. These 
measurements were determined on the center section 
and do not correspond to the usual values obtained 
on the whole fiber. 

‘A better comparison of the two methods of deter- 
mining breaking load can be made if breaking load 
is expressed as specific strength, which is the break- 
ing load divided by linear density and expressed as 
grams per grex. The specific strengths for the indi- 
vidual fibers for the various length groups of the 
four cottons are given in Figure 3. The conversion 
to specific strength indicates a more pronounced in- 
crease with length for individual fibers than that 
found in the flat-bundle experiments. 

In the comparison of strengths tested by both 
methods (Figure 2) for length groups of Wilds 13, 
the specific strength of the bundles exceeds by 20 
percent that of the single fibers broken in 44-inch 
specimens. . Equal values would not be expected 
from the two methods unless specimen length and 
rate of loading were equal. The weighted mean 
specific strength for individual fibers (Stoneville 2.66 
grams/grex, Rowden 3.08, Wilds 3.67, Sea Island 
4.60) does not show a linear relation with the flat- 
bundle value (Table 1). Rowden and Stoneville 
gave flat-bundle tests of equal value but very differ- 
ent values on individual fibers, and Sea Island gave 
approximately the same specific strength by both 
methods of testing. These differences in mean spe- 
cific strength could be explained by the variations 
in the flat-bundle test, such as a difference in ratio 
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TABLE IV. RELATION OF STRENGTH TO SPECIMEN LENGTH OF INDIVIDUAL FIBERS 








Wilds 13 * 

Specimen Fiber Coef. of 

length strength variation 
(in.) (g.) (%) 
8.19 38.3 
6.73 36.6 
5.87 43.6 
5.53 43.2 
5.06 50.2 


ol” 


Rol! BO/G9 elt Gol pes! 


Fiber 
strength 


Rowden { 

Coef. of Fiber Coef. of 
variation strength variation 
(g.) (% (g.) (%) 
7.39 39.1 9.90 44.5 
413 41.1 8.68 43.2 
5.46 45.8 7.99 43.2 
4.83 41.4 6.48 43.2 
4.76 43.1 6.41 43.8 


Stoneville 2B 











* Length group, 21/16 inch. 


of fibers of the different lengths selected, a change in 
surface characteristics of fibers with variety, and 
variation in pressure needed to maintain a constant 
specimen length. 

The influence of specimen length, which was stud- 
ied by Peirce [8] as the theory of the “weakest link” 
in yarns, was also considered in studying the break- 
ing load of either individual fibers or fibers in the 
flat bundle. The relationship between strength and 
specimen length for individual fibers was determined 
by breaking fibers from one length group of a variety 
at five different specimen lengths, ranging from ¢ 
to % inch. Specimen lengths less than 4, inch 
were considered impractical since the fibers are at- 
tached by glue to tabs of paper, and a small absolute 
variation in specimen length would produce a large 
relative error in the results. In Table IV are given 
mean breaking load and coefficient of variation for 
approximately 200 individual fibers at each specimen 
length from Wilds 13, 2%¢ inch; Stoneville 2B, 7%4¢ 
inch; and Rowden, 16 inch. When specimen length 
(L) and specific strength (S) of these fibers are 
expressed as logarithms, the relationship can be con- 


—?— Rowden 
—e— Wilds 13 


——— Stoneville 28 


LOG SPECIFIC STRENGTH (GRAMS/GREX) 


to 


° 0.5 to 
LOG SPECIMEN LENGTH (1/32 INCH) 


Fic. 4. Specific strength ws. specimen length for cot- 
ton fibers: (a) 19/16 inch, from Rowden; (b) 21/16 
inch, from Wilds 13; (c) 23/16 inch, from Stoneville 


2B, 


t Length group, 23/16 inch. 


t Length group, 19/16 inch. 


sidered a straight line, log S = A + n log L, as sug- 
gested by Kapadia [2], where 4 and » are constants. 
The calculated regression lines of the logarithm of 
mean specific strength on the logarithm of specimen 
length for the three varieties are given in Figure 4. 
Even though points are scattered with reference to 
the lines used to represent the relationship, these 
lines for one length group from each variety con- 
verge slightly as specimen length decreases. This 
could be explained by the distributions of tensile 
strength which would be expected to influence the 
slope of this line. Similar relations would be ex- 
pected for each length group, with an average curve 
representing the composite sample. 

Since the actual specimen length of the fibers in 
the flat bundle was difficult to determine: because of 
the method of clamping, an effective specimen length 
was deduced by comparing the strength of the fibers 
in the bundle with that found for individual fibers 
broken at a number of specimen lengths. By ex- 
trapolation from curves for composite samples of 
Wilds, Stoneville, and Rowden to a known flat- 
bundle strength, an effective specimen length be- 
tween %¢ and 45 inch was deduced. This length 
represents the mean of the specimen lengths of 
fibers in the bundle. 

An effective specimen length of this order, rather 
than zero length, should be considered within the 
reasonable length range expected from the flat- 
bundle test. Breaks often occur within the jaw, 
leaving some fibers extending beyond the surface. 
Unequal tension on individual fibers when they are 
clamped might also increase effective specimen 
length; but even with equal tension on each fiber, 
elastic properties would prevent simultaneous break- 
ing of all the fibers, and the maximum strength 
value would not be obtained. Other factors which 
influence specimen length are clamping pressure and 
condition of the fiber and jaw surfaces. 
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The small variations in specimen length caused by 
these factors may explain some of the variations in 
flat-bundle test results. 

Differences in rate of loading must be considered 
when results from tests are compared; but correction 
for rate of loading has been found to be very slight 
for cotton fibers when the rate is 0.45 gram/grex/ 
second or greater. In the present test, the rate of 
loading for single fibers averaged 0.45 gram/grex/ 
second, while that for the flat bundle was accelerated 
from zero rate to a maximum rate at break. The 
range in breaking loads was from 10 pounds to 17 
pounds. The effective rate of loading for any speci- 
men must be less than the maximum rate at break, 
which for 15 pounds is 4.80 grams/grex/second. 
The maximum correction necessary for rate-of- 
loading effects would be 10 percent from the formula 
as suggested by Meredith [4] and verified in this 
work. 

It is also interesting to follow the shift in average 
specific strength and breaking-load distribution for 
individual fibers of one length group as specimen 
length is changed. In Figure 5 are given the distri- 
butions of breaking loads with specimen lengths 4% 
inch, 44 inch, and 4%¢ inch. Each curve ‘represents 
200 fibers classed as 744 inch from Wilds 13 variety. 
From these curves the spread of observations for 
V4 ¢-inch specimen length is greater than for 4- or 
¥-inch, as indicated by Peirce [8]; also, the distri- 
bution is more symmetrical with respect to the mean 
than the distribution for the other lengths. Skew- 
ness in the longer lengths would be caused by the 
several nonuniformities in fibers, such as a range of 
variation in maturity, variation in linear density from 
base to tip, convolutions, and damage to fibers from 
bacteria and ginning operations, each causing varia- 
tions in breaking-load distributions from normal 
distributions. 


Conclusion 


Interpretation of results from the flat-bundle test 
must be considered in relation to the fibers used to 
make the test. Length distributions show that the 
fiber selection which takes place in sample prepara- 
tion for the flat-bundle test gives a bias towards the 
longer fibers. The nature of this bias depends upon 
the variety. Since the specific strength of fibers 
changes with the length group, sample strength by 
flat-bundle test is that of the longer groups and any 
correlation between strength in flat bundle with 
measurements made on the whole fiber distribution 
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Fic. 5. Frequency distributions of breaking loads for 
cotton fibers classified 21/16 inch from Wilds 13 variety. 
Specimen lengths 1/16, 1/4, and 1/2 inch. 


could be expected to have unexplainable differences 
between varieties. Since there is an increase in spe- 
cific strength with increase in length of fiber, whether 
the strength is determined by the individual-fiber 
method or by the flat-bundle method, a biased fiber 
selection is usually found to favor fibers of greater 
strength. 

Even though the jaws used for fibers in the flat- 
bundle test are in contact, the effective specimen 
length is that of fibers broken individually with 
specimen length between 44 and 40 inch, deduced 
by extrapolation to a known flat-bundle strength 
from curves for composite samples of Wilds, Row- 
den, and Stoneville. This relation between specimen 
length and specific strength was found to approxi- 
mate a straight line when both values are expressed 
as logarithms. 

Rowden and Stoneville with equivalent flat-bundle 
strengths differed by 15 percent in average specific 
strength when individual fibers were broken, and 
Sea Island gave equivalent specific strength by both 
methods of testing. The factors which could be re- 
sponsible for these differences are surface of the 
leather, fiber surface, fiber weight fineness, and pres- 
sure applied to the jaws in relation to the specific 
strength of the fiber. 
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Influence of Fibrous Structure of Rayon 
on Its Swelling and Density, II* 


Egon Elod} and H. G. Frohlicht 


Abstract 


Differences in the microstructures of viscose rayon fibers, especially the differences between 
the outer and inner layers in fibers of one type, constitute the subject of this investigation. 


Layers are progressively removed by chemical action. 
water are measured before and after each removal. 


The density and extent of swelling in 
In this second paper of the series, the 


method itself is explained in some detail, with a view toward a better insight into the proper 


interpretation of the results. 


Iy THE METHOD of systematic “peeling off” 
through chemical action, developed by the authors, 
the results depend upon whether the transformation 
of the layers from outside to inside, in the topo- 
chemical acetylation, proceeds uniformly and _pro- 

*The first paper of this series was released by the Office 
of Technical Services as PB 33103 and appeared in the 
Textite RESEARCH JoURNAL 16, 432 (Sept. 1946). The 
present paper was written by Egon Elod at the request of 
O.T.S., to provide additional information on the method of 
measurement of density. It has been released by O.T.S. as 
PB 33103S. 

+ Director of the Textile Institute at Badenweiler, Univer- 
sity of Freiburg, Germany. 

t Research chemist, Textile Institute at Badenweiler, Uni- 
versity of Freiburg, Germany. 





gressively. The acetylation mixture should follow 
the details of the surface of the fiber, penetrating 
equally around the fiber circumference and acetylat- 
ing an outer ring of uniform thickness. As a result 
of the differences in the swelling values for the resi- 
dues, the progressive stages of the acetylation will 
be an indication of different microstructure in the 
fiber core and in the outer layers. 

This important uniform penetration during the 
topochemical acetylation of fibers is possible only 
with air-dried fibers, or fibers in a relatively dry 
state. The acetylation of fibers in a preswollen state 
shows that the penetration is unequal. 

It may seem to some that the microstructure of 
the fibers might be changed by acetylation, not only 
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in the layer transformed into the triacetate, but also 
in the partly acetylated layer underneath the triace- 
tate layer. It should be pointed out in this connec- 
tion that, after the triacetate layer is carefully re- 
moved, the fiber residue is saponified in a mild way 
before the swelling and density values are measured. 
Furthermore, it has been shown beyond question 
that the cycle of acetylation and saponification with- 
out dissolving off the triacetate layer does not influ- 
ence the microstructure of the fiber in so far as it is 
indicated by swelling and density. It was shown in 
the previous publication [Figure 3 in TEXTILE RE- 
SEARCH JOURNAL 16, 434 (1946)] that the swelling 
was unchanged by acetylation and subsequent saponi- 
fication. In Figure 2 of this report it is similarly 
shown that the density of fibers is not significantly 
changed by acetylation and subsequent saponifica- 
tion. It is believed that this is sufficient evidence to 
indicate that the microstructure of the fiber residue 
is not changed by the topochemical acetylation tech- 
nique used. 

It is interesting that the fibers partially acetylated 
in a topochemical manner, and consisting of cellulose 
covered by layers of cellulose triacetate, show dimin- 
ished swelling. This reduction in swelling is not 
proportional to the extent of the acetylation, as is 
shown in Figure 1. 


Methods Used 


The laboratory methods used in this work are 


outlined below: 


Topochemical Acetylation 


Following the work of E. Elod, H. Schmidt- 
Bielenberg, and L. Thoria (Angew. Chemie 47, 465-8 
(1934) ), the acetylation mixture used consisted of: 


6 ml. acetic anhyride 
22.5 ml. benzene 
0.1 ml. conc. sulfuric acid (sp. gr. 1.84) 


One- to 2-gram samples of the degreased, air- 
dried fiber were treated with this mixture at 40°C 
for varying periods of time up to several days. After 
the acetylation period the fibers were removed from 
the mixture and washed with cold water until the 
free acid was completely removed. 


“Peeling Off” and Saponification 


The triacetate layers were peeled off by soaking 


overnight at room temperature in a mixture of 9 
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parts of chloroform and 1 part of methyl alcohol. 
After the surplus of the solvent mixture was pressed 
out, the fiber residue was washed with the same 
mixture and air-dried. 

After the triacetate layers were peeled off, the re- 
maining acetyl group. in the fiber residue were 
saponified. For this purpose about 0.5 gram of the 
fiber residue was soaked for 1 hour in 95-percent 
ethyl alcohol at room temperature and then placed 
in 50 ml. of 0.2N of sodium hydroxide for 24 hours, 
after which period saponification was complete. The 
residue was washed free of sodium hydroxide and 
air-dried. 


Drying and Density Determinations 


Careful experiments showed that the manner and 
extent of drying the fibers produced differences in 
the density values. It was found, however, that dry- 
ing for 4 hours at 120°C was sufficient to give re- 
producible results with or without a vacuum. Spe- 
cial precaution was taken in transferring the dried 
fibers to the flask containing the immersing liquids, 
carbon tetrachloride and benzene, which had been 
previously dried free of moisture. The weight of 
the sample of fibers was about 40 milligrams. 





10 20 30 40 
ACETYL GROUPS % 


FIG). REDUCTION OF SWELLING IN DEPENDENCE OF THE THICKNESS OF ACETYLATED 
CORES (DETERMINED AS PERCENTAGE OF ACETYL GROUPS). 


1 = LANUSA-TYPE 2 -MULLER-BATH-TYPE FIBERS 


20 =_—— a See 
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FIG2e DENSITY OF FIBERS ACETYLATED (WITHOUT PRESWELLING ) AT 40°C AND 
SUBSEQUENTLY SAPONIFIED FOR THE PURPOSE OF CHECKING POSSIBLE 
CHANGES OUE TO THE ACETYLATION. 
2-LANUSA 3- OURAFLOX 
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The fibers were boiled for several hours in the 
nonswelling liquid (carbon tetrachloride and ben- 
zene), using a reflux condenser provided with a 
calcium chloride tube to exclude moisture. The den- 
sity Measurement was carried out in the same flask, 
which was placed in a larger beaker for thermostatic 
temperature control and adjustment of density of 
the immersing liquid. The technique used for the 
density determination was essentially the method 
developed by W. Moll (Z. Ver. deut. Chem., Beihefte 
47, 105 (1943)), in which the carefully dehydrated 
sample of fiber is brought to a state of motionless 
suspension in the nonswelling liquid or a mixture of 
miscible nonswelling liquids, at which condition the 
sample density is equal to that of the liquid. The 
density of the liquid may be varied by varying its 
temperature. If the liquid or liquid mixture has a 
higher density than the fibers, the fiber sample floats 
to the surface. By gradually raising the temperature, 
the density of the liquid may be caused to fall, and 
the fibers sink when the liquid density becomes less 
than that of the fibers. By slowing cooling the 
liquid, this process may be reversed, and when the 
increasing density of the liquid exceeds that of the 
fibers the fiber sample will return to the surface of 
the liquid. 

It is essential that a nonswelling liquid or mixture 
he chosen, such as carbon tetrachloride and benzene, 
which has a density approximately the same as that 
of the fibers at moderate temperatures. It is also 
essential that heating and cooling of the liquid be 
done slowly to avoid convection currents in the 
liquid. It is possible after some practice to limit 
the temperature range so that after only a short heat- 
ing and a short cooling period the fibers can be 
brought to a state of suspension in the liquid. 

The density of the nonswelling liquid was calcu- 
lated using the formula: 


D, = Dy, — a (x — 30), 
where 
D, = density of liquid at temperature «°C, 
D,, = density of liquid at 30°C, 
a = increment or rate of change in density per °C, 
and 
4 = temperature of the liquid. 
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Finally, it should be pointed out that the density 
values are only relative values, since the theoretical 
foundations of the absolute values are not yet suff- 
ciently clear. However, if the same procedure and 
the same liquids described here are always used, the 
values will be comparable. 


Epitors’ Note: The comments of two reviewers 
are quoted below as of possible interest. 


“I agree with the author’s general conclusions, but | 
am inclined to believe that the increase in swelling which 
he obtains after removing the outer layers by acetylation 
is due to several factors. For example, we know that, 
with the conditions under which he acetylates, sulfuric 
acid will be combined with the cellulose and that this 
would increase the swelling. Furthermore, the centri- 
fuging method which he uses for determining swelling 
is rather sensitive to denier per filament, and a smaller 
denier resulting from peeling off the surface would tend 
to give a higher swelling value. However, work in our 
own laboratory indicates that the core does swell more 
than the skin but perhaps to a less degree than that in- 
dicated by Dr. Elod.” 


* * X* 


“T personally am skeptical that the results of peeling 
off the outer layers are as clean-cut as is assumed in 
the paper. In the early 1930's, a paper was presented 
at the American Chemical Society meeting in Buffalo, 
which clearly indicated that the removal of surface 
layers from such topochemical reactions by using va- 
rious solvents produced dissolved fractions having 
widely varying acetyl contents, depending upon the 
time of the acetylation and the solvent employed. In 
other words, the solvent removes materials other than 
triacetate, and I do not believe such removal follows 
the criteria outlined in the first paragraph of the paper. 
Furthermore, I am personally quite skeptical of the 
theoretical speculations resulting from such an experi- 
mental approach.” 


The paper “Density of Cellulose Fibers, III: Den- 
sity and Refractivity of Natural Fibers and Rayon,” 
by P. H. Hermans, J. J. Hermans, and D. Vermaas, 
published in the Journal of Polymer Science 1, No. 
3, 162 (1946), may be of interest. 


(Manuscript received May 27, 1948.) 
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Imparting Water-Repellency to Textiles by 
Chemical Methods: A Review of the 
Literature’ 

H. A. Schuyten, J. David Reid, J. W. Weaver, and John G. Frick, Jr. 


Southern Regional Research Laboratory,t New Orleans, Louisiana 





Part III. 


Various esters have been used as the active in- 
gredients to produce water-repellent finishes on 
textile fabrics. Among these are the esters of un- 
saturated acids, isocyanic esters, chlorocarbonic 
esters, hydroxamic esters, and such compounds as 
thiocarbamates, carbonates, and carbonimides, 
which are also classified under other headings. 

The I. G. Farbenindustrie A.G. [132, 136] has 
patented the use of such compounds as dioctadecyl 
carbonate, octadecyl ethyl carbonate, etc. This patent 
also covers the use of urethanes, as for example: 


CO(N HC2H;)OCi7H3s 
Octadecyl-N-ethyl urethane 


CO(NH2)OCi7Hss 
Octadecyl urethane 


An emulsion of the ester is made in mineral spirits 
and water using triethanolamine as an emulsifier. 
Cotton cloth is immersed in this emulsion, dried at 
40°C, and then baked at 90° for 1 hour. The finish 
is said to be remarkably waterproof and resistant 
to laundering. 

Stone and Malm [297 ] have used mixed cellulose 
esters, such as cellulose acetate phthalate. The 
process consists essentially of impregnating the 
cloth with a solution of the sodium or ammonium 
cellulose ester, and allowing it to drain, whereupon 
the free ester is regenerated with acetic acid and 
dried at 105°C. Cloth thus treated is said to have 
a resistance to the passage of moisture. Among the 
mixed cellulose esters used are: cellulose acetate 
sodium phthalate, cellulose acetate ammonium 
phthalate, cellulose acetate pyridine phthalate, cel- 


* The Introduction and Parts I and-II of this review ap- 
peared in the July, 1948, issue, page 396. 

t One of the laboratories of the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, 
U.S. Department of Agriculture. 


Esters and Urethanes 


lulose sodium phthalate, cellulose triethanol amine 
phthalate, cellulose potassium succinate, cellulose 
acetate sodium diglycollate. 

A British patent to the I. G. Farbenindustrie 
A.G. [151] claimed the preparation and use of 
several compounds among which are esters of maleic 
acid and of 8-amino propionic acid, which are con- 
verted to the corresponding acrylic acid derivative. 
The essential feature of this patent is that the com- 
pounds have an aliphatic or cycloaliphatic chain of 
at least 8 carbon atoms with at least one olefinic 
bond in which the carbon linkage is in a conjugated 
position to a doubly-bound oxygen atom. Among 
the examples cited are: 


HOOCCH=CHCOOH + 2 HOC,;H;; ———> 
Ci7H3; COOCH=CHCOOCj7H3; 
Diheptadecy! maleate 


The corresponding amide-acid chloride and diamide 
have also been prepared and used: 


“oe 
O=C—O—C=0 + H:NCisHs; + SOC ———> 
CIOCCH=CH—CON H(CjsHs37 
Octadecylamido maley! chloride 


By adding an alkyl methylamine the following 1s 
formed: 
RN(CH;3)COCH=CHCON HC,sH37 
N-alkyl- N-methyl- N’-octadecyl-maleamide 


Another example: 


CH.BrCH:COOH + HOC,7H3;5 vee 


C;sH;N + Heat + NH; 
a 








CH2BrCH2COOCi7Hss5 
CH2=CHCOOC,sH37 
Octadecy] acrylate 


Oth 


The 
benz 
for 1 


M 
com: 
tives 
acid 





nine 
lose 


nide 


g Is 











Avucust, 1948 


‘Treatment of textiles with these compounds fol- 
lows the general procedure. The compounds are 
dissolved in organic solvent, or made into an aque- 
ous emulsion, the cloth is immersed, squeezed dry, 
and baked for 1 hour at 150°C. A resistant water- 
repellent finish is said to be produced. 

Rosenbach and Balle [253] claimed the prepara- 
tion and use of alkoxy and acylamido methyl esters of 
organic acids. These authors investigated the fol- 
lowing types of reactions and applied their products 
to the treatment of textiles: 


CH;COOK + CisH370CH.Cl yy 
CisH3;30CH2OOCCH; 
Octadecoxymethyl acetate 


Other compounds prepared are: 





Ci7H;;CONHCH,OOCCH; 
Stearamidomethyi acetate 
CisH3;00CNHCH:00CCH,C1 
N-carbo-octadecoxy-aminomethyl-chloracetate 


CisH;,30CH2OOCCH2N (CHs);3Cl 
Octadecoxymethyl-trimethyl-chlorammonium-acetate 


(CisHs;70CH20O0CCH2)20 
Di-carbo(octadecoxy)methoxy-dimethy! ether 


CsH;COOCH2NHCOO—C,H,(p)CisHs7 
N-benzoxymethyl-p-octadecylpheny! urethane 


The compounds are used as explained before, 
baking being carried out at 80° to 150°C. 

Shipp [270] and Maxwell [77, 200] have also 
worked with amzdo esters, which are prepared as 
follows: 


Ci7H;; CON HCH.OH oa (CH;CO).O aeenen s 
Ci7H3;CONHCH2OOCCH; 


Stearamidomethy] acetate 


The compounds thus prepared are dissolved in 
benzene and cloth is immersed, squeezed, and baked 
for 10 minutes at 150°C. 


Maxwell [198] has prepared and used similar 
compounds except that instead of methylol deriva- 
tives he used the hydroxyl derivative (hydroxamic 
acid derivative) of the amide. Thus: 


C,,H2;CONHOH + (CH3;CO).O —— 
CiH23CONHOOCCH; 
N-acetoxy stearamide 









Other examples include: 


CisH31; CON HOOCCH; 


Tautomeric 








CizH3s CON (COCH;)OOCCH; 
N-acetoxy- N-acetyl-stearamide 


Ci7H3sC (—NOOCCH;)OOCCH; 


N-acetoxy-heptadecyl-hydroxamic acetate 


The sodium derivatives were also used: 


Ci:7H;;CON HOOCCH; _ NaOCH; ey 
Ci7H;;CON NaOOCCH; 
N-sodio- N-acetoxy-stearamide 
Diimide derivatives have been prepared. They in- 


clude: 
CH;COONHCO(CH:2):;CONHOOCCH; 


N, N’-diacetoxy-pentadecane dioamide 


CH;CH2,COON HCO(CH2)2CON HOOCCH:CH; 
N,N’-dipropionoxy-docosane dioamide 


CH;COON (COCH;)CO(CH)2)1eCON (COCH;)OOCCH; 
N, N’-diacetoxy-N, N’-diacetyl-octadecane dioamide 


C:HsCOON NaCO(CH2) CON NaOOCC2Hs 
N, N’-dipropionoxy- N, N’-disodio-dodecane dioamide 


These bis- compounds may be prepared by adding 
the acid anhydride to the corresponding bis- 
hydroxamic acid. The best method of treatment 
is said to involve solution of the compound in an 
inert solvent and soaking the cloth in this solution 
for several minutes. The excess is wrung or centri- 
fuged out and the cloth is allowed to dry. 

Trowell [305 ] has used esters of cellulose as fol- 
lows: Ethyl cellulose stearate was dissolved in 
xylene and the solution was emulsified with water, 
using sodium lauryl sulfate as a wetting agent. 
Cloth was treated with the emulsion, dried, and 
heated, in some cases by ironing, at 120°C. The 
finish obtained was crisp and water-repellent, and 
stable to laundering. 

The I. G. Farbenindustrie A.G. [158] has pat- 
ented the use of dithiocarbamates as water-repellents. 
Two of the compounds mentioned are: 


CisH3;NHCSSK 
N-octadecyl-potassium dithiocarbamate 


CisH33NHCSSN HCi¢Hs;3 
N’-hexadecyl- N-hexadecyl dithiocarbamamide 


Treatment is as outlined above, with baking at 
temperatures near 125°C. 
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Robinette [247] has patented the use of esters 
containing a nitro group of which the following is an 
example: 

CisH33C(C2Hs) NOsxCH20OCCi;H3; 
B-ethyl-8-nitro-octadecyl stearate 


Cloth is treated with an organic solution or aqueous 
emulsion, drained, dried, and baked at 150°-165°C. 
A British patent [59] describes the preparation 
and use of such compounds as: 
NaOOC—C,H,(0)OOC—Cj7H3; 


o-stearoxy sodium benzoate 


It is claimed that a reaction with the fiber takes 
place and that the water-repellency produced is 
fairly permanent. 
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Part IV. Amines, Amides, and Related Compounds 


In this review by far the largest number of 
patents concerning amines, amides, or similar com- 
pounds have fallen more appropriately under other 
headings, particularly under ‘‘Quaternary Nitrogen 
Compounds” or ‘Polymers Formed in situ.” 
There are, however, some compounds which are 
essentially amines etc. and have no functional 
characteristics which would classify them under the 
other categories chosen for this review. A group 
of such compounds is reviewed in this section. 

Pikl [241 ] has patented the preparation and use 
of N-alkyl methylol amides, as follows: 


2 Ci7H3;CON (Ci;H31) CH2Cl am K2,CO; + 2 H.O mel 
2 Ci7H3sCON (CisHs1)CH20H 
N-pentadecyl-methylol stearamide 


The methylol compounds are used directly in the 
treatment of textiles in the normal manner. It is 
claimed that even though the water-repellency ob- 
tained is good it can be improved by pretreating the 
cloth with small amounts of acids or acid-producing 
substances. 

Similar compounds used in conjunction with 
polymers produced in situ are claimed in a British 
patent [148] by the I. G. Farbenindustrie A.G. 

Baldwin and Piggott [9] claim that compounds 
of the type: R—CO—NR’—CH,—X, which are 
normally employed as the quaternary nitrogen 
salts, may be used directly in _textile-treating 





processes. 


Alkoxymethyl amines have been prepared by 
Bock [33] by the reaction of aliphatic alcohols with 
formaldehyde and hexamethylenetetramine, thus: 


12 Cy2H2,0H +f 6 CH,0 “¢ N,(CHe)s —————> 
4 (Ci2Hos5)3N 


Tridodecylamine 


The author claims that long-chain amines of this 
type are useful in treating textile materials, ad- 
mitting, however, slow hydrolysis. 

Phenolic tertiary amine oxides, claimed by Bruson 
and McCleary [48], are prepared as follows: 


C;H;OH + CH.0 + HN(CH;); ———> 
HO—C;H,(0)CH2N(CH;)2 


o-hydroxybenzy! dimethyl amine 


This amine is then treated with hydrogen peroxide 
to yield: 
HO—C;H,(0)CH2N (CH3)20 


o-hydroxybenzyl dimethyl amine oxide 


Some of the examples cited are: 


CioH6(1)CH2N (CH3)20(2)OH 


2-hydroxy-a-naphthomethy! dimethyl amine oxide 


HO—C,H2(2,4)Ch(6)CH2N (CH;)20 
2-hydroxy-3,5-dichlorobenzyl dimethyl amine oxide 
HO—C;H2(2)CH2N (CH3)20(4)OH(5)CH2N(CHs)20 
3,6-dihydroxy-p-xylylene-bis(dimethylamine oxide) 





AUG! 


Thes 
textil 
ment 

He 
claim 
wate: 
spon 


Com} 
atom 
whicl 
100°C 

Ec 
ration 
thioet 
ration 


Text: 
of th 
repel 


To p 
Natec 
comp 


Aucust, 1948 


These compounds are said to be useful for rendering 
textiles water-repellent, but no details of the treat- 
ment are given. 

Hentrich, Hueter, and Engelbrecht [122] have 
claimed the preparation and use of carbodiimides as 
water-repellents. The course of the reactions corre- 
sponds to the following equations: 


2 Ci2xH2s—CeHaN Hz + CS: ———> 


HgO 
(Ci2H2;—CesHyN H ).C=S ae 


Ci2H2s—CsHaN=C=N CyHy—Ci2Hes 
N,N’-di(dodecylphenyl)carbodiimide 


Examples of the compounds cited are: 


di-(cetyl-phenyl) carbodiimide 
di-(hexadecoxypheny])carbodiimide 
di-(cetyl-p-amido phenyl)carbodiimide 


Compounds of this type having at least 10 carbon 
atoms are said to produce water-repellency in fibers 
which have been impregnated and heated above 
100°C. 

Eckelmann and Koch [80, 133] claim the prepa- 
ration and use of soluble salts of imidoethers, imido- 
thioethers, amidines, or derivatives. A typical prepa- 
ration follows: 


Ci7H3;CN oa C.H;OH + HCl ————> 
Ci7H;;C(—=N H.C1I)OC3H; 


Stearimidoethy! ether hydrochloride 


Textiles are impregnated with a 1% organic solution 
of these compounds and dried. Excellent water- 
repellency and a full, soft feel are claimed. 

Acylamidomethyl ethers have been patented by 
Engelmann and Pikl [85]. Ethers are formed in 
the usual fashion by the reaction of an alcohol and 
an N-alkyl methylolamide in the presence of sul- 
furic acid, phosphorus oxychloride, hydrogen chlo- 
ride, etc. Typical products are: 


Ci7H3s CONHCH20CH; 
Methoxymethylstearamide 
Ci7H3s;CONHCH,0OCH.C;H; 
Benzoxymethylstearamide 


Ci7H3;CONHCH20CsHi; 


Octoxymethylstearamide 


lo produce water-repellency, textiles are impreg- 
nated with a 1% to 2% solution or emulsion of the 
compound, and heated for a few minutes at 100° to 
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170°C. Since the decomposition products appear 
to be the active agents, it is considered desirable to 
add a small amount of a carboxylic acid to the bath. 

Bock and Bruson [34 ] have claimed the prepara- 
tion and use of certain tertiary amines. The prepa- 
ration appears to follow these equations: 


CrHssCONH: + CH20 + HN(CHs)2 ———> 
Ci7H3; CON HCH2N(CHs)2 


Dimethylamino methylstearamide 


Some typical products are: 


CivH3s; CON HCH2N(C2Hs)2 
Diethylamino methylstearamide 


CH2CH: 


‘S . 
Ci7Hs;CONHCH:N O 
~~ i 

CH2CH: 


N-morpholinomethylstearamide 


Ci7H3;CON (CH3)CH2N (CHs3)2 


Dimethylaminomethyl-methylstearamide 


Impregnation of the textile material with a 5%- 
10% solution followed by baking at 120°C or more 
for a few minutes produces a highly water-repellent 
finish which is fast to laundering and dry-cleaning. 

The Gesellschaft fiir Chemische Industrie in 
Basel [280, 281] has patented two reactions which 
yield products said to be useful as water-repellents. 
In the first [280] N-methyl stearamide is treated 
with m-carboxy benzenesulfonyl chloride in the 
presence of pyridine. In the second [281 ] similar 
treatment is given to N-methylol stearamide. No 
mechanism is offered, the products are not identi- 
fied, and no textile treatment is given. 

Zerner, Davies, and Pollak [331] have made use 
of the class of compounds known as “‘anils,’”’ which 
they have prepared as follows: 


CizHs;COCizHss + CioH7(8) NH, ———> 
CiHsC(CizH35)=N CroHz 
Diheptadecyl-8-naphthylamine anil 


Cloth is immersed in a solution of the anil in 
Stoddard solvent, squeezed, and baked for 5 minutes 
at 150°C. Good water-repellency is claimed. 
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Several patents have been issued covering the use 
of aldehydes as water-repellents for textile ma- 
terials. According to Beck [23] and Kaase and 
Waltmann [176], the reaction involved is one of 
acetal formation between the aldehyde and the 
alcoholic hydroxy! group of cellulose. 


RCHO + 2 HOCell ———> RCH(OCell), 


Beck [23, 24, 25] has patented the preparation 
and use of a-alkoxy, carbamido, alkylamino, or 
hydroxy acetaldehydes. These compounds were pre- 
pared as follows: 


Ci7H;;CON Ho co (CHO). sameeren 
Ci7H;;CONHCH(OH)CHO 
Hydroxy stearamidoacetaldehyde 


or 





2 Ci;H3:;CON He a (CHO)s eed 
(CisH31,;CONH),CHCHO 
Di(hexadecanoamido)acetaldehyde 


or 


2 CisHsyNH2 + (CHO), ———> 
(CisH3zNH),CHCHO 
Di(octadecylamino)acetaldehyde 


or 





HC 
2 CisH370H + (CHO). Sap 
(CisH370)2CHCHO 


Dioctadecoxyacetaldehyde 


In addition, Beck [23] has used: 


Ci7H3; CON HOCH,—C,H,(p)CHO 


p-stearamido-oxymethyl benzaldehyde 


which may be prepared from stearamide and ter- 
ephthalic aldehyde. The treatment is carried out 
by placing the textile in a solution of 5% lactic acid 






Part V. Aldehydes 
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tion of the aldehyde in benzine (B.P. 110°). The 
fabric is dried at 110°C and then baked for 1 hour 
at 120°. 

Kaase and Waltmann [176] and the Farberei 
A.G. [96] have used various aldehydes. The au- 
thors claim that any aldehyde with a long chain 
may be used, preferably with the chain interrupted 

O 
ie | 
by groups such as O, S, —C—O, RN—C=0, etc., 
| | 
and that the cost is less than for a process involving 
chlorides, anhydrides, etc. Among the compounds 


mentioned are: 


CisH3¥OOC(CH2),«CHO 
Octadecy1-5-formyl-valerate 





Ci6H3s30CH,CHO 


Hexadecoxy acetaldehyde 


CisH2»SCH2CHO 


Formylmethyl tetradecyl sulfide 


Ci7H3;COOCH.CHO 


Formylmethyl stearate 


Ci7H3;CONHCH:CHO 


Stearamidoacetaldehyde 





Ciz7H3;NHCO(CH2),;CHO 


N-heptadecyl-5-formyl valeramide 


Compounds which produce aldehydes may also be 
used; e.g., acetals, such as diethyl acetal of stearic 


aldehyde: 
CizH3;CH(OC2Hs5)2 


For the treatment of cloth a 0.5% solution of the 
aldehyde in benzine is used to impregnate. ‘The 
solvent is evaporated and the cloth subjected to a 
temperature of 150°C for 5 minutes. 
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The I. G. Farbenindustrie A.G. [127, 164] has 
patented the preparation and use of compounds 
prepared by the action of formaldehyde on starch. 
According to the process, starch is treated for long 
periods (7 days) with formaldehyde, or compounds 
capable of liberating formaldehyde, such as hexa- 
methylenetetramine or dimethylol urea. Thus: 
500 parts of potato starch are treated with 330 parts 
of 30% formaldehyde. The product is dried in 
vacuum at 45°C, 

Textiles are treated by impregnating with a 
mixture of 5 parts of the aldehyde starch compound 


Part VI. 


High polymers have been used for producing 
waterproof as well as creaseproof textile fabrics. 
Natural polymers such as rubber are familiar in this 
use, as are also the synthetic polymers of the phenol- 
formaldehyde, urea-formaldehyde types. ‘These 
produce waterproofness or water-repellency, de- 
pending on the configuration of the polymeric mole- 
cules and the methods of application. In general, 
however, they are not considered ‘‘chemical””’ water- 
repellents and have not been included in this review. 
But several cases in which a synthetic polymer is 
formed directly on the fabric have been included 
and are discussed here. 

The familiar phenol-formaldehyde polymer is 
claimed by the I. G. Farbenindustrie A.G. [ 137, 
138]. This company specifies that the phenolic 
nucleus must contain a chain of at least 6 carbon 
atoms. Examples of phenols cited are: iso-dodecy] 
phenol, iso-tetradecyl phenol, and iso-octy! cresol. 
The textile material is impregnated with a solution 
of the phenol and dried. It is then exposed to the 
vapors of formaldehyde or glyoxal or soaked in a 
dilute solution of the aldehyde. In the latter case 
subsequent heating is necessary. One of the many 
possible reactions is: 


‘Ore — OaQ 


OH OH 


GacOacQ) 


oH 
O + CH2O 
—_a_ 


The I. G. Farbenindustrie A.G. [137] has also 
patented the use of polymers formed on cloth 


and 0.3 part of ammonium thiocyanate in 
parts of water and drying at 100°C. 
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Polymers Formed in situ 


through the reaction of urea derivatives, acyl amides, 
fatty amines, etc., with formaldehyde. Such reac- 
tions probably take place according to the following 
mechanisms: 


n CisH3zNHCONH(Cj7H:3; + »—1 CH2O ———> 
HOCH;NCONCH:— [OCH.NCONCH:—]— 
Gi i ae CHa I # 
OCH:NCONCH:OH 
Cilia ‘Cullis 
CuHsCONH: + CH,0 ——> 
[C17Hs;CONHCH,OH ] ——> 
CivHssCONHCH,OCH:NHCOCiH;s 


sym. distearamidodimethy] ether 


CisH3,0OCN He oh CH,0 ——» 
(CisH3s7OOCNHCH2)2O 


sym. di(N-carbo-octadecoxyamino)dimethyl! ether 


CisHs7NH2 -+- CH.O ————> 
(CisH37NHCH2)20 


Di(octadecylaminomethyl) ether 


Treatment consists of first immersing the cloth in a 
solution of the urea or amide derivative and then in 
aqueous formaldehyde solution. Pretreatment is 
with lactic acid or some like compound as a catalyst. 
After treatment the cloth is baked for 2 to 16 hours 
at 110°C. The finish is said to be permanent. 
Hubert e¢ al. (125, 165 ] have used the same poly- 
meric products discussed above. In addition, how- 
ever, they have worked with the polymers from 
mono-octadecylamino cyanuric diamide. 









HNCisHs7 
| 
C 
oo 
N N 
| | + 2n CH.0 ———> 
n H2NC CNH 
We 
N 
HNCisHor 
| 
C 
XQ 
N N 
| 
H | —OCH:NHC ha OH 
\ 4 
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Treatment of cloth is the same as that described in 
patents covering similar compounds. 

Ericks and McClellan [86] have used polymers 
produced from substituted cyanamides. ‘The reac- 
tions involved in the preparation and use of these 
compounds probably take place as follows: 


3 CisH3zNHe + 3 CNCI ———> 


Heat 
3 CisH3;NHCN ——————> 


NCisH37 
|| 
HN NH 
| 
C=NCuHs: 
‘NH 


Trioctadecy]l iso-melamine 


| 
CisH3;N=C 


The intermediate monocyanamides may be used for 
the synthesis of dicyanamides, guanidines, biguani- 
dines, guanylureas, guanylthioureas, melamines, 
guanamines, and guanidines. Among the examples 
cited are the products from: 2-ethyl hexylamine, 
dodecylamine, octadecylamine, and 3-octadecoxy- 
propyl amine. 

The |. G. Farbenindustrie A.G. has patented 
[139] the use of polymers such as those produced 
from formaldehyde and a polyamine in the presence 
of a fatty amine salt. For example, the reaction 
might take place as follows: 


CisHs;NH;0O0CCH; + H2N—CsH.(p)NH2 + CH,0O ———> 
CisH37N H2(OOCCH;)— 
[—OCH:NH—C;H,(p) NHCH:—],ON H2(CisHs7) (OOCCHs) 


Other examples include the use of melamine, hexa- 
methylene tetramine, guanidine, dicyandiamide 
with cetyl amine formate, or N-octadecyl-ethylene 
diamine. 
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Application to cloth involves immersion of the 
fabric in an aqueous solution of the three types of 
compounds mentioned above, with drying and 
baking at 100°C. 

Bertsch [26] and Reynolds and Walker [244] 
have used fatty acid amide-formaldehyde polymers 
which they dispersed in water with ammonium salts 
of fatty acids. The compounds mentioned are 
similar to those of [137]. In some cases Reynolds 
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2 
and Walker [244] have added sodium acid phos-} 
phate to act as a catalyst. Fabrics are immersed 
in the solution containing the compounds and dried 
at 100°C. 

Thurston and Nagy [302] have patented the 
preparation of carbamyl guanamines which, it is Th 
claimed, form resins with formaldehyde, useful as 
water-repellent agents. Some of the compounds — 
mentioned are: ny 

: folloy 

NH: 

ze 

N AY 
NH:C C—CeHi(0)CONHGsHin L. 
ss this t 
eo , Hy 
o-(diamidocyanury])- N-octyl-benzamide abilit 
NH, less a 
b are b; 
Pi. Dr 
1 lose 
NH2C C—CH2CH2CONH—CH; follow 
s VA weigh 
8-(diamidocyanury])- N-phenyl-propionamide then | 
Some 

Although not a polymer, the formation of a /igh- § cetyl- 
molecular-weight amide has been included. Max: § cetyl s 
well [199] carries out the treatment in two steps. J ene o» 
The cloth is impregnated with a solution of a water- § the hz 
soluble salt of a mono- or diamine. A solution of J Sch 
an acid anhydride is then applied and heat is added f step } 
to effect the reaction. Among the combinations § tajnin. 
used by Maxwell are octadecylamine hydrochloride- pound 
stearic anhydride; benzidine-stearic anhydride, and 
benzidine-butyric anhydride. 

West [2, 322] has patented the preparation and 
use of complex melamine-formaldehyde preconden- 
sates containing quaternary nitrogen groups. The 
compounds are prepared by heating methylol mela: Ff — !soc 
mines with a long-chain alcohol and a tertiary base, hydro; 
such as pyridine. The products are said to be ft ami 
either water-soluble or water-dispersible and are f Produc 
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applied in the usual manner. Baking is carried out 


at 110°-150°C. The author claims that this baking 
decomposes the quaternary salt and sets the result- 
ing melamine-formaldehyde resin on the fiber. 
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Part VII. 


The commercial treatment of cellulose with ethyl- 
ene oxide is well known and is used for the produc- 
tion of B-hydroxy ethyl cellulose according to the 
following equation: 


HOCell + (CH2),.0 ———> 
CellOCH2CH2OH 


L. Bonnet [38 ] has written an excellent review of 
this type of reaction. 

Hydroxyethyl cellulose, because of the avail- 
ability of the free hydroxyl group, reacts more or 
less as a typical alcohol. The following patents 
are based on this activity. 

Dreyfus [73 ] has patented the treatment of cellu- 
lose with ethylene oxide or ethylene chlorohydrin, 
followed by a treatment with a high-molecular- 
weight alkyl halide. The cellulose derivative would 
then have the form: Cell—O—CH.—CH.,—O—R. 
Some of the compounds mentioned are: Undecyl-, 
cetyl-, ceryl-, and myricyl-chloride, and sodium 
cetyl sulfate. The textile is first treated with ethyl- 
ene oxide, then immersed in an organic solution of 
the halide, and heated. 

Schirm [265 ] has shortened the treatment to one 
step by employing substituted ethylene oxides con- 
taining at least 10 carbon atoms. Some of the com- 
pounds cited are: 
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Ethers, Epoxides, and Related Compounds 


CisH33;CH ‘CH 


\ 
a eer 


Hexadecyl ethyleneoxide 


CisH330CH2CH CH, 
ne 
O 
Hexadecoxymethy1 ethyleneoxide 
CisH37SO2C H.C H——CH, 


‘\ 


O 
Octadecylsulfonylmethyl ethyleneoxide 


CivHssCOOCH2CH——CH: 


™~ 


O 
Stearoxymethyl! ethyleneoxide 


CisH37O—C,H,(p) COC H——CH—C,H; 


~ 
O 


p-octadecoxybenzoyl(phenyl)ethyleneoxide 


The textile to be treated is saturated with a solution 
of the epoxide, dried, and baked at temperatures 
ranging from 130° to 150°C for times up to 5 hours. 
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Part VIII. Cyanates, Thiocyanates, and Related Compounds 


Isocyanates and related compounds react with 
hydroxyl groups and amino groups to form esters 
or amido compounds. The use of this reaction to 
produce water-repellent finishes on cloth has been 


investigated. The reaction with cellulose is said, 


by Chwala [55] and Burnand [50], to be as fol- 
lows: 


RNCO + HOCell ———> RNHCOOCell 
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and with animal or animalized fiber: 


RNCO + H:.N—Wool ———> RNHCONH—Wool 


Analogously: 


RNCS + HOCell ———> RNHCSOCell 
RNCS + HzN—Wool ———> RNHCSNH—Wool 


A patent issued to the Farberei A.G. [95, 105 ] 
describes the preparation of the zsocyanates as 
follows: 


Co,Hy;0H a (CHe)4(COCI)>2 + NaN3 ememaes 2 
Cholesterol 


Co7Hy,00C (CHe)4 N CO 
4-carbocholesteroxy butyl isocyanate 


According to this patent, dodecylisocyanate, eico- 
sylisocyanate, octadecylisocyanate, or similar iso- 
cyanates are dissolved in an organic solvent such as 
low-boiling petroleum ether. Cloth is immersed for 
a very short time (about 5 seconds) and then dried 
for 1 hour at 100°C. The water-repellency thus 
produced is said to be good as well as permanent. 

Patents [131, 147] to the I. G. Farbenindustrie 
A.G. describe the use of tsocyanates and 1tsothio- 
cyanates as given above, and, in addition, the use of 
the corresponding chlorides, such as: 


CisH3s;NHCOCI 
N-octadecyl-carbamy1 chloride 


or 


CisHs;NHCSCI 
N-octadecyl-thiocarbamyl] chloride 


These patents also mention the use of isocyanates 
in which the long-chain organic radical is connected 
through another group to the nitrogen atom, as 
with CjgsH;;—O—CH.CH.—N==C=—0, hexadecoxy- 
ethylisocyanate. ‘Treatment of the cloth is carried 
out by immersing in a solution of the isocyanate in 
carbon tetrachloride, centrifuging, and drying at 
100°C for 1 hour. The patents also describe a 
simultaneous creaseproofing treatment involving 
urea-formaldehyde-type polymers. 

Identical compounds are considered in another 
patent [135] to the I. G. Farbenindustrie A.G. 
which does not include the use of creaseproofing 
reagents. 

Schirm [264, 266] describes the use of di- and 
polyisocyanates or di- and polyisothiocyanates which 
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are previously combined with an alcohol or an 
amine and then allowed to react with the cellulose. 
This probably takes place as follows: 


CH;—C,H3(2,4) (NCO). fe CisH330H ————— 
CH;—CsH3(2) NHCOOC(j6H33(4) NCO 
2-methyl-5-carbimido- N-phenyl-hexadecyl carbamate 


This type of compound may then react with cellu- 
lose in a similar manner to yield: 


CH3—CH3(2) NHCOOCi6H33(4) NHCOOCell 


(3-carbohexadecoxyamino-4-methyl) N-phenyl 
cellulose carbamate 


In addition to these compounds Schirm includes the 
following which could react to yield the products 
shown: 
(CH2)s(CON3)2 + HO—C,H,(0)CH (CH;)Ci2Hes 
+ HOCell ———> 
CellOOCN H(CH2)sNHCOO—C,H,(0) CH (CH3)Ci2Ho; 
o-2-tetradecyl phenyl-cellulose- N, N’-octyl dicarbamate 
N;sCO—C,H4(m)CON3 + CisH3zNH2 + HOCell ———> 
CellOOCN H—C,Ha(m) NHCONHCisHs7 


N-(m-octadecyl ureido) phenyl cellulose carbamate 


The procedure involves either the reaction of the 
azide with the alcohol in an organic solvent or the 
solution of the isocyanate in the solvent. Cloth is 
immersed, dried, and baked to produce the water- 
repellent finish. 

Hanford and Holmes [116] have also applied 
isocyanates and isothiocyanates to cotton cloth to 
produce water-repellency by essentially the same 
procedure as described above except that they have 
used aqueous suspensions or emulsions with soap 
as an emulsifier. 

Pikl [78, 79, 242] has described the preparation 
of thiocyanates and isothiocyanates, such as described 
above, by means of the following reaction: 


Heat 
C,;H;,;CONHCH:Cl + KSCN ——— 


Ci7H3;CONHCH2NCS 
Stearamidomethylisothiocyanate 


Among the examples listed are: 


Ci7H3; CONSCN 


He 


| 
CrHssCONSCN 


N,N’-methylene bis(stearamido thiocyanate) 
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CisH37OOCNHCH2SCN 
N-thiocyanomethyl-octadecyl carbamate 


CisH;3,0OCNHCONHCH2SCN 
N-carbo-octadecoxy- N’-thiocyanomethyl-ureide 


(CH2)3(CONHCH2SCN). 


N,N’'-di(thiocyanomethyl) succindiamide 


According to the author it is also possible to prepare 
the pyridinium complexes of the thiocyanates as 
discussed in Part II [97, 101, 308] of this review. 

Patents issued to Waltmann and Wolf [ 314, 315 ], 
to Waltmann [310], and to the Farberei A.G. [94 ] 
have described the preparation and use of 7so- 
cyanates, thiocyanates, and isothiocyanates similar to 
those discussed above. ‘Treatment is carried out by 
immersion in organic solutions as described, and 
baking at 150°C for about 5 minutes. 

Kaase and Waltmann [178] claim the prepara- 
tion of complex isocyanates and thiocyanates in- 
cluding: 

Ci7H3; COO—C,H,(p) NCO 
p-carbimidopheny] stearate 


CH2—CHp2 
ra i 
CisH3,70O0C—C -C—NCO 
5 ‘\N We 
CH:—CH, 
4-carbo-octadecoxy tetrahydrophenyl isocyanate 


C;HsOOC(CH2),NCO 
Cholesteryl-(5-carbimido) valerate 





CyzyH3;CONHCH.NCO 
Stearamido methy! isocyanate 
7" CO 
fo 
N N 


| | 
CwHyS—C  C—SCisHas 


‘he 


Di(thio-octadecyl)-carbimido-cyanurate 


These compounds are said to produce water- 
repellency by the above method. 

The Farberei A.G. [93] claims the preparation 
and use of similar compounds. The treatment is 
much the same as that described previously, with 
only minor differences in time and temperature. 

Kaase and Waltmann [177, 179, 180] have also 
patented the use of the compounds covered in [176 | 
as Water-repellents for textile materials. 

_ The Farberei A.G. [103] has patented the use of 
isocyanates containing a tertiary nitrogen other than 
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the cyano nitrogen. Examples of the compounds 
cited are: 
OCN—C,H,(m)CON (CigHa3) CisH37 


m-carbimido-N-octadecy]- N-hexadecyl-benzamide 











OCN—CH:2CH2N(CHs)CisHss3 
8-carbimido- N-methyl- N-hexadecyl-ethyl amine 






The textile material is impregnated, centrifuged, 
dried, and baked for 10 minutes at 140°C. The 
treated material is water-repellent and can be dyed 
with acid dyes. 

Schirm [264, 266] has investigated the prepara- 
tion and use of tsocyanic acid esters. Thus: 


H2N—C,H,(p)COOH + CisH370H + HCl ———> 


COCI 
CIH3N—C.Hs(p) COOCisH37 ——— 


OCN—C,H,(p) COOCisH37 


p-carbimido-octadecyl benzoate 


Other examples include compounds which are am- 
ides or sulfonamides in addition to being derivatives 
of isocyanic acid: 


CisHas—CeHi(p)NH2 + CICO—C,H,(0)NO; ——> 


Zn + Ht 
CieH33—CsHa(p) NHCO—C,H,(0) NO2 ee 


N-(p-hexadecylphenyl)-o-nitrobenzamide 
COCI; 
CisH33—CsH,(p) NHCO—C,H;, (0) N He —_————>) 
N-(p-hexadecylpheny1)-o-aminobenzamide 





CisH33—CesHi(p) NHCO—C;H,;(0) NCO 
N-(p-hexadecylpheny])-o-carbimidobenzamide 


Suitable variations in procedure lead to: 


B—C,oH7—NHCO—C,H,(2)C1(5) NCO 
N-8-naphthyl-2-chloro-5-carbimidobenzamide 


N (Ci2H25)2SO2—CeHi(p) NCO 


N-didodecy]l-p-carbimido-benzene sulfonamide 


Like the esters of the preceding patent, the com- 
pounds are dissolved in an organic solvent. Cloth 
is immersed, allowed to dry, and baked from 100° 
to 200°C. 

Dreyfus [74] has patented the treatment of 
cellulosic textiles with high-molecular-weight carbyl- 
amines or isocyanides. The textile is immersed in 


a solution of a compound such as stearlycarbylamine 
and heated at 110°C for $ hour. 
the reaction is offered. 


No explanation of 
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Part IX. Urea Derivatives 


Some attention has been given to urea and its 
derivatives, and to urea-like compounds as possible 
agents for the production of water-repellent finishes 
on fabrics. 

In general the method of application involves 
impregnation with the urea derivative, followed by 
drying and baking at temperatures up to 160°C. 

Apparently the reaction involved is the well- 
known ‘“‘biuret’’ reaction: 


° 


1 
2 HzNCONH, ———> HzNCONHCONH2 


Accordingly, the products could be classified as 
polymers and included in that section of this paper. 
Jacobson [174] has patented the preparation of 
N-N'- disubstituted ureas and mentioned their use 
as water-repellents for textiles. The compounds 
are prepared according to the following scheme: 


2 Ci;H3s;COCI + NaHNCONHNa ———> 
Ci7H3;CONHCONHCOCiH3; 
N,N’-distearyl urea 


CsH;COCI + NaHNCONH:; ———> 
CsH;—CONHCONH, 
Benzoyl urea 


Others prepared were: 


CsH;—CH:NHCONH, 


Benzyl urea 


CsH;—CONHCONHCO—C,;H; 


Dibenzoyl urea 





Bestian and von Finck [27, 28] have claimed 
the use of N-alkyl-N’-N’-ethylene ureas as water- 
repellents. for textiles. Among the compounds 
recommended are: 


CH, 
ei 
CisH3;NHCON 
“CH: 
N-octadecyl- N’-N’-ethylene urea 
as well as the dodecyl and heptadecy! derivatives. 
CH, 
i 
Ci2H2s—CsHa(p) NHCON 





N-p-dodecylphenyl-N’-N’-ethylene urea 


and the octadecy] derivative. The process of treat- 
ment is carried out in organic solution or in aqueous 
suspension. Cloth is immersed, squeezed dry, and 
then baked at 90° to 110°C. Polymerization of the 
compound on the cloth is said to take place. 

A British patent to the I. G. Farbenindustrie 
A.G. [153] claims the use of alkyl and interrupted 
alkyl isothioureas to impart hydrophobic properties 
to cloth. 

Among the types of compounds mentioned as 
examples are: 


CisH37OCH2SC(N H2)=NH- HCl 
Octadecoxymethyl-isothiourea hydrochloride 


Ci7H3; CON HCH2SC(N H2)=NH- HCl 
Stearamidomethy] isothiourea hydrochloride 
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CivH3sCONHCH2SC(NHCH20Cy»H2;3)=NH - HCI 


S-stearamidomethy]- N-dodecoxymethyl 
isothiourea hydrochloride 


S-(2-hydroxy-5-dodecylphenyl)methyl 
isothiourea hydrochloride 


Treatment comprises impregnation of the cloth 
with either solutions or suspensions of the above 
compounds. After drying, the cloth is baked. In 
some cases, a pretreatment with sodium acetate is 
used to counteract the hydrogen chloride that may 
be liberated from the compounds containing hydro- 
lyzable chlorides. 

Thurston and Swain [303] investigated the 
preparation of guanyl urea derivatives and mentioned 
their use as textile water-repellents. They describe 
a method of preparation according to the following 
scheme: 


HsNCONHC(NH2)==NH + Ci7H3;3;COOH ———> 
guanyl urea 


C17H3s;COOH - H2NCONHC(NH:)=NH 


guanyl urea stearate 


Among other examples given are: guanyl urea 
benzoate, guanyl urea phthalate, guanyl urea 2- 
ethyl-hexanoate, and guanyl urea naphthenate. 
No details of the treatment are given in this patent. 

Hoover and Vaala [1231] have worked with ethyl- 
ene urea derivatives and claim that a degree of water- 
repellency is obtained by treating cellulose with 
these compounds. Among the products discussed 
by these authors are: 


I 
ee 
CH,OCH:—N = N—CH,OCH; 


| 
H.C CH; 


N,N’-bis(methoxymethyl)ethylene urea 
O 
| 
¢ 
Pi 
C,HgOCH:—N 


| | 
H2C CHe 
N,N’-bis(butoxymethyl)ethylene urea 
S 
| 
& 





N—CH20C,4Hs5 





4 


cnmeme tf N—CHOCH; 


H2C CH, 
N,N’-bis(methoxymethyl)ethylene thiourea 
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Several patents have been issued covering de- 
rivatives of urea and thiourea [277, 278, 282, 283, 
284, 286, 287, 292, 293, 294, 295]. All of these 
have been issued to the Society for Chemical 
Industry in Basel. 

Some of the compounds prepared and applied are: 


Ci11H2,CONHCH2SC(N H2)=NH- HCl 


Dodecamidomethyl isothiourea hydrochloride 


Dodecanoxymethy] isothiourea hydrochloride 


Cy2H2;SCH2SC(NH2)—=NH - HCI 


Dodecy! thiomethy] isothiourea hydrochloride 


CisH3,7OCH2SC(N H2)=NH- HCl 


Octadecoxymethy] isothiourea hydrochloride 


CisH37OOCCH2SCH2SC(N H2)=NH- HCl 


Carbo-octadecoxymethy] isothiourea hydrochloride 


Water-repellent finishes can be produced on cloth 
with these compounds [277] by a procedure very 
similar to those explained before. The compound 
is dissolved in alcohol, and water is added. Sodium 
acetate is added to take up the halogen acids. 
Cloth is immersed for 20 minutes at 30°C. After 
drying at 75°C the cloth is water-repellent. The 
finish is quite permanent and stable to washing. 
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Part X. Silicon Derivatives and Miscellaneous Compounds 


In the newly revived field of silicon chemistry, 
some attention has been given to the possibility of 
using silicon derivatives as water-repellents, and 
several patents have been issued covering the use 
of these compounds. 

It has been shown that certain silicon compounds 
are excellent water-repellents for ceramics and other 
anhydrous surfaces [39, 40, 41, 239]. The water- 
repellence of the surface is probably due to the 
formation of an organo-silicon polymer with ad- 
sorbed moisture according to the following equation: 


3 R:Si(OH), ———> 
HOSiR.OSiR2,OSiR20H 


Unlike most of the compounds previously discussed, 
R need not be a long-chain alkyl radical. Dimethyl 
and monomethyl-dichlorosilane are both excellent 
water-repellent reagents. 

It is reasonable to expect that the same reaction 
could take place in the case of textile fabrics, which 
are known to carry adsorbed moisture. Further- 
more, the silicon compounds such as those de- 
scribed could react with hydroxyl groups of cellu- 
lose or amino groups of animal fibers: 


R;SiCl + HOCell ———> R;SiOCell 
or 


R;SiCl + HsN—Wool ————> R;SiNH—Wool 


Patnode [ 39, 40, 41, 239 ] has described a process 
for treating textile materials with organo-silicon 
halides in the vapor phase. Hydrogen chloride, 
which is liberated in the process, is neutralized by 
an after-treatment with gaseous ammonia. This 
author states that the water-repellency is due either 
to a reaction with cellulose or with adsorbed water. 

Norton [232] has used a mixture of trimethyl 
silicon chloride and silicon tetrachloride. He claims 
that the mixture may be used in the vapor state, 
the liquid state, or in solution in an organic solvent. 
Treatment of the material is followed by an after- 
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303. Thurston and Swain, U.S.P. 2,310,045 (1943). A 

inte 

hav 

A 

trie 

treatment with the vapors of an alkaline organic | ?*" 

compound. | 
Hunter, Fletcher, and Currie [126] have de- 
scribed the preparation of alkoxy end-blocked silox- 
anes and mentioned that these compounds are 
useful for treating hydrophilic surfaces. Among 

the compounds listed by these investigators are the } The 

polymeric materials produced as follows: is t’ 

n (CH;):Si(OCsHs)2 + »—1 HO ——> dry 

C:H;O—[Si(CH;);O—J,—C2Hs ” : 

Barry [19] has produced long-chain silicon ace- } use 

tates which he claims are useful in producing water- } line 


repellency. These compounds apparently have the 
advantage of producing acetic acid instead of hy- 
drogen chloride in the reaction. A large number 
of organo-silicon acetates have been prepared by 
Barry according to the following process: 
(CisH370);SiCl + NaOOCCH; ———~> 
(CisH370);SiOOCCH; 


Trioctadecoxy-acetoxy silane 
Other compounds similarly prepared are: 
(Ci2H2;0);SiOOCH 
Tridodecoxy-formoxy silane 
(Ci2H250);SiOOCCH; 
Tridodecoxy-acetoxy silane 
(CisH370)2(C3;H7O)SiOOCCH; 
Dioctadecoxy-propoxy-acetoxy silane 
(Ci2H25)sSiOOCCH; 
Tridodecyl acetoxy silane 


(Cy2H2;0)2Si (OOCCHs)s 


Didodecoxy-diacetoxy silane 


According to Barry, these compounds may be used 
to produce permanent water-repellency on cloth by 
immersing the latter in a solution of one of the 
acetates in dry-cleaning fluid and pressing with a 
flat iron at 250°C. 

Similar compounds containing short chains were 
prepared by Schuyten, Weaver, and Reid [267]. 
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Quaternary nitrogen compounds containing silicon, 


Basel patented by MacKenzie [195], were discussed in 
Ase , 


Part II. 

A few patents have been issued which do not fall 
into any of the classes previously discussed. These 
have been grouped together as “‘miscellaneous.”’ 

A British patent [151] to the I. G. Farbenindus- 
trie A.G. describes the use of dodecyl sulfone pre- 
pared as follows: 
Oxid 
C,2H»;SH a C,H» ene H»C=CHSC)2H2; _—> 

Dodecy1 vinyl 
sulfide 
C)2H2;SO.CH—CH,» 
Dodecyl vinyl! sulfone 


Dodecyl 
mercaptan 


The sulfone is dissolved in dioxane, cotton material 
is turned in the solution for some time, squeezed 
dry, and baked for 1 hour at 150°C. This is said 
to yield an excellent water-repellent finish. 

A Swiss patent [285 ] covers the preparation and 
use of organic thiosulfates. The preparation is out- 
lined as follows: 

CisH3,OH + CICH,COOH ———> 
NaeS.O; 
CisH3,0O0CCH2Cl ———> 
CisH3,7OOCCH20SO(ONa)S 
Carbo-octadecoxymethyl-sodium thiosulfate 
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[t appears possible that these compounds could 
react with cellulose as follows: 


ROOCCH,OS(ONa)S + HOCell ———~> 
ROOCCH,OCell 


Carboalkoxymethy! cellulose 


A good water-repellent finish is claimed. 
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Epttor’s Note: Reprints of this entire review, together with an index (“Imparting 
Water-Repellency to Textiles by Chemical Methods: An Index of the Compounds Used,” 
AIC-179) by the same authors, will be available, as long as the supply lasts, from the 
Southern Regional Research Laboratory, U. S. Department of Agriculture, New Orleans 


19, Louisiana. 
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ANALYSIS: TESTING: 
LABORATORY METHODS 


* 


Measurement of 
Fiber Friction 


Measurement of friction between 
single fibers. II. Frictional prop- 
erties of wool fibers measured by 
the fiber-twist method. Joel 
Lindberg and Nils Gralén. TEx- 
TILE RESEARCH JOURNAL 18, 
287-301 (May 1948). 


An apparatus for measuring the 
frictional forces between two single 
fibers has been constructed. The 
method for the measurements is 
based on the principle of twisting 
two fibers together a certain num- 
ber of turns and then drawing them 
apart. The theory for measuring 
both the static and the kinetic 
friction is developed. The fric- 
tional properties of nylon fiber were 
measured at different loads and a 
linear relationship between the fric- 
tional coefficient and the inverse 
value of the normal pressure was 
found to be valid. The friction of 
wool fibers at different loads and 
contact areas was measured, and the 
same linear relationship as for nylon 
fibers was found to be valid for the 
with-scale friction. For the anti- 
scale friction the relationship was 





found to be more complicated and 
the shape of the scales was indicated 
as being responsible for the differ- 
ence in friction. It is shown that 
the friction of wool fibers is de- 
pendent on the temperature, and 
both the with-scale and the anti- 
scale frictions decrease with in- 
creasing temperature, measurements 
having been performed at tempera- 
tures up to 70°C. It is also shown 
that the friction of wool is only 
slightly dependent on pH. Wool 
fibers were treated according to 
different processes for making wool 
unshrinkable, and the friction be- 
fore and after the treatment was 
measured. With treatments which 
attack the surface of the fiber (e.g., 
chlorination), both the with-scale 
and the anti-scale frictions were in- 
creased, and in some cases the 
difference was decreased. Some- 
times the main cause was a change 
in the elastic properties, and there 
was no change in the friction (e.g., 
on treatment with melamine resin 
or with benzoquinone). Authors 
Text. Research J. Aug. 1948 


Impurities in Polymers 


Purity and identity of polymers. 
Herman Mark. Anal. Chem. 20, 
104-10 (Feb. 1948). 


A discussion of the difficulties in- 
volved in attempting to analyze and 
characterize natural and synthetic 





polymers and of some of the pro- 
cedures used. Natural polymers 
such as rubber and cellulose will 
contain as impurities materials of 
radically different chemical com- 
position and generally of lower 
molecular weight. In the case of 
synthetic polymers, the impurities 
will consist of remnants of solvents, 
precipitants, catalysts, emulsifiers, 
etc. Such materials may be con- 
sidered to be true impurities, but 
even when these are absent the 
polymers are not homogeneous and 
it is possible to fractionate them into 
portions and obtain a molecular- 
weight-distribution curve. Struct- 
ural details of the individual chains 
may vary. Vinyl polymers can 
have a head-to-head, head-to-tail, 
or mixed arrangement. Dienes cat 
polymerize in the 1,4 and 1,2 addi- 
tions. Polyethylene, polystyrene, 
and polyvinyl chlorides may exist 
in either an unbranched or a 
branched modification. There is 
also evidence of the existence of 
stereoisomerism and rotational isom- 
erism in some polymers. 

A. R. Macormac 
Text. Research J. Aug. 1948 


Analysis of Proteins 


Some fundamental problems in the 

amino acid analysis of proteins. 
J.W.H. Lugg. Australian Chem. 
Inst. J. & Proc. 14, 233-49 (1947) 


TEXTILE RESEARCH JOURNAL 
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Aucust, 1948 


(through Chem. Abstr. 42, 2309c 
(Apr. 10, 1948)). 


' The following problems are dis- 


cussed: possible errors in determin- 
ing amino acids arising from their 
partial alteration or destruction 
during the initial hydrolysis of the 
protein, and methods of eliminating 
or correcting for these; errors in 
determining amino acids by pre- 
cipitation and colorimetric meth- 
ods; methods of determining cystine, 
cysteine, and methionine in pro- 
teins; recently developed analytical 
procedures, including adsorption on 
synthetic resins, partition-chromat- 
ography, isotope-dilution and micro- 
biological methods. It is empha- 
sized that the behavior of an amino 
acid residue in a protein will not 
necessarily coincide with that of the 
same acid in the free state, and that 
methods for its determination, 
whether or not involving its prior 
liberation, are hence liable to un- 
known errors. 57 references. 

Text. Research J. Aug. 1948 


Sample Holder 


Sample holder for reflection-type 
samples to be used in the G. E. 
electron diffraction instrument. 
Eileen IJ. Alessandrini. Rev. Sct. 
Instruments 19, 52-3 (Jan. 1948). 


A new pentagon-shaped reflection- 
type sample holder is described and 
illustrated. Five different samples 
can be photographed and their pat- 
terns recorded on 5 different plates 
without breaking the vacuum. Op- 
erations for getting the sample into 
position have been simplified and 
patterns were observed to be clearer. 

L. P. Witnauer 
Text. Research J. Aug. 1948 


Sealed sample holder for x-ray 
diffraction powder work. C. L. 
Christ and E. F. Champaygne. 
Rev. Sci. Instruments 19, 117-18 
(Feb. 1948). 


A wedge-type sealed sample holder 
designed to be used in the standard 
G. E. powder camera for samples 
unstable in the atmosphere is de- 
scribed. L. P. Witnauer 
Text. Research J. Aug. 1948 


Rapid method for preparing powder 
camera specimens with cellulose 
acetate capillary tubes. Karl E. 
Beu and Howard H. Cloassen. 
Rev. Sci. Instruments 19, 179-80 
(Mar. 1948). 


Using essentially the method of 
Fricke et al., a number of details are 
described which the authors found 
necessary in the rapid preparation 
of suitable capillary tubes for x-ray 
powder specimens. A method for 
mounting and centering the tubes is 
given. L. P. Witnauer 
Text. Research J. Aug. 1948 


CHEMICAL AND PHYSICAL 
RESEARCH 


* 


Water Absorption 


Effect of acetylation on sorption of 
water by cellulose. Sam R. 
Hoover and Edward F. Mellon. 
TEXTILE RESEARCH JOURNAL 
17, 714-16 (Dec. 1947). 


The data of Sheppard and Newsome 
(J. Phys. Chem. 33, 1817 (1929); 
39, 143 (1935)) on water absorption 
by cellulose esters have been re- 
calculated on the basis of the cellu- 
lose content of the samples. The 
apparent decrease in water absorp- 
tion of cellulose caused by acetyla- 
tion is primarily a “‘dilution”’ effect. 
Cellulose acetate has essentially the 
same hygroscopicity as_ cellulose 
when calculated on a molar basis. 
Esterification with propionyl, buty- 
ryl, and higher acy! groups definitely 
decreases the water absorption of 
cellulose. The maximum diminu- 
tion, about 85%, is obtained by 
caproate and heptoate substitution. 

Authors 
Text. Research J. Aug. 1948 


Adipic Acid Synthesis 


Synthesis of intermediates for ny- 
lon. I. Synthesis of adipic acid. 
Kichinosuke Ohashi and Kyu- 
ichi Mizutani. J. Soc. Chem. 
Ind. Japan 44, 840-4 (1941) 
(through Chem. Abstr. 42, 2235e 
(Apr. 10, 1948)). 
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The best conditions of preparing 
adipic acid by the oxidation of 
cyclohexanol and_ cyclohexanone 
with HNO; and by the catalytic 
oxidation of cyclohexanone with air 
were studied. The best conditions 
in the former case are letting 4 parts 
by weight of 61.3% HNO; and 1 
part cyclohexanol react at 55°—60°C, 
which gives 83% adipic acid. Cy- 
clohexanone requires a higher tem- 
perature (85°—90°C) for the reaction, 
with a 65-73% yield. Addition of 
various salts as catalyst did not 
show any especially favorable effect 
on the result. In the case of cataly- 
tic oxidation with air, 150 |. air 
were blown for 5 hrs. into a mixture 
at 80°-5°C of 100 g. each of cyclo- 
hexanone and glacial AcOH to 
which 0.1 g. of manganous acetate 
was added as catalyst. The proc- 
ess was repeated 4 times after re- 
moving the adipic acid produced 
each time. The yield was 42-6%. 
II. Synthesis of adiponitrile. The 
compound was prepared by passing 
a mixed vapor of adipic acid and 
NH; over heated silica gel. The 
maximum yield was 73% when the 
ratio of acid to NHs was 1:8, and 
the velocity of passage was 50 g. 
adipic acid per 5 hrs. over 120 g. 
silica gel at 320°-30°C. The result 
depends greatly on the type of silica 
gel used. 

Text. Research J. Aug. 1948 


Toxicity of Thioglycolic Acid 


The systemic and local effects of 
thioglycolic acid and bisulfite 
compounds. Frederick Reiss and 
Bruno Gerstl. Exptl. Med. Surg. 
4, 338-47 (1946) (through Chem. 
Abstr. 42, 2355f (Apr. 10, 1948)). 


Biological effects of thioglycolic 
acid (J), NaHSO; (JJ), and ethanol- 
amine bisulfite (JJ) were investi- 
gated because of the wide use of J 
for dehairing hides, processing wool, 
cosmetic depilation, and permanent 
waving and of bisulfites for bleach- 
ing and preserving foods and textiles 
and for treating parasitic skin dis- 
eases. The minimum lethal intra- 
peritoneal doses of J and bisulfite 
(II?, III?), respectively, for white 
mice weighing 22-25 g. were 0.1 
and 0.2 cc. of 0.6 M solution. The 
minimum lethal intravenous doses 
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of J and of IJ or III for rabbits were 
1—-1.85 and 1.02 millimols. per kg. 
animal. When injected, J was toxic 
to the central nervous system within 
18-48 hrs., whereas JJ and JJI were 
immediately toxic to this system, 
probably by blocking the oxidative 
mechanisms. Upon application to 
the skin of rabbits and pigs for 30 
min., J caused destruction of the 
epidermis and necrosis of the upper 
layer of the cutis, and JJ slightly 
impaired the integument. 

Text. Research J. Aug. 1948 


Hydrated Cellulose 


Mutual transitions of natural and 
hydrated celluloses. IX. Trans- 
ition from hydrated to natural 
cellulose by treatment with vari- 
ous compounds. Teruichiro Ku- 
bo. J. Soc. Chem. Ind. Japan 
44, 742-6 (1941); cf. C.A. 36, 
5643! (through Chem. Abstr. 42, 
2429a (Apr. 10, 1948)). 


A sample of rayon was treated with 
various compounds having OH or 
NHe radicals at 250°C for 45 min., 
and the degree of transition of 
hydrated cellulose in the sample to 
natural cellulose caused by the 
treatment was determined by study- 
ing the intensities of x-ray inter- 
ference points. A_ relation was 
found between the degree of transi- 
tion thus determined and 7/V or 
N/V of the solvents used, where 7 
denotes the dipole moment, N the 
number of active radicals in a mole- 
cule, V the molecular volume; thus 
the higher the values of »/V or 
N/V, the higher the value of the 
degree of transition. The com- 
pounds used as solvents in the test 
comprise amides, glycerol and its 
acetyl esters, straight-chain mono- 
carbinols, glycols, higher polycar- 
binols, phenols, etc. 

Text. Research J. Aug. 1948 


Phosphorylated Cotton 
Cellulose 


Phosphorylated cotton cellulose as 
a cation-exchange material. Ju- 
lian F. Jurgens, J. David Reid, 
and John D. Guthrie. TEXTILE 
RESEARCH JOURNAL 18, 42-4 
(Jan. 1948). 
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It was found that phosphorylated 
cotton cellulose made by the phos- 
phoric acid-urea method has a high 
cation-exchange capacity and when 
used in the form of a coarse fabric 
it shows good flow characteristics 
in the calcium-hydrogen cycle. Its 
cation-exchange capacity increases 
with increasing phosphorus content 
and at a phosphorus content of 
about 5% the cation-exchange ca- 
pacity reaches about 1,000 milli- 
equivalents per kg. It is possible 
that specialized uses may be found 
for phosphorylated cotton cellulose, 
especially in the fabric form. 

Authors 
Text. Research J. Aug. 1948 


Structure of Cellulose Acetate 


On the structure of cellulose acetate 
molecules in acetone solution. 
Seymour J. Singer and Herman 
Mark. J. Applied Phys. 19, 97- 
101 (Jan. 1948). 


Data obtained from sedimentation 
velocity and viscosity measurements 
on a series of cellulose acetate frac- 
tions in acetone are interpreted in 
terms of two models, the impene- 
trable ellipsoid of rotation and the 
uniform density random coil. The 
lack of agreement using the former 
model is shown to be a real effect 
rather than one determined by 
experimental accuracy. As _ other 
investigations have revealed, the 
uniform-density random coil is not a 
satisfactory model for these mole- 
cules. Probably the best hydro- 
dynamical model for these and 
other extended but not perfectly 
rigid molecules in solution is a 
penetrable ellipsoid of rotation. 

Text. Research J. Aug. 1948 Authors 


Theory of Elasticity 


Theory of high elasticity. Maurice 
L. Huggins. J. chim. phys. 44, 
99-106 (1947); cf. C.A. 40, 3041° 
(through Chem. Abstr. 42, 1787e 
(Mar. 20, 1948)). 

Text. Research J. Aug. 1948 


Double Refraction of Flow 


Some measurements of double re- 
fraction of flow on carbohydrates. 





Olle Snellman. Acta Chem, 
Scand. 1, 291-306 (1947) (in | 
English); cf. C.A. 41, 43625 | 







(through Chem. Abstr. 42, 21584 
(Apr. 10, 1948)). 


The double refraction of flow of 
viscose, nitrocellulose (particularly 
in AcOBu at 20°C), apple pectin, 
citrus pectin, and gum arabic were 
measured; hydrolyzed or nitrated 
pectins were used. The values ob- 
tained are compared with those ex- 
pected according to other methods 
(molecular weight and viscosity), 
the data obtained with the ultra- 
centrifuge, and the Kuhn-Hermans 
theory (cf. C.A. 38, 673°, 3533%, 
57127). Higher values for molec- 
ular length obtained with double 
refraction of flow as compared with 
the ultracentrifuge method are 
due to polydispersity. A modified 
Kundt apparatus was used, which 
consisted of a fixed outer cylinder 
and a rotating inner one, the space 
between the cylinders being filled 
with the solution under observation. 
Text. Research J, Aug. 1948 



























Theory of Viscous Flow 





Some remarks on Eyring’s theory 
‘of viscous flow. P. F. van Vel- 
den. Physica 13, 529-37 (1947) 
(in English) (through Chem. Abstr. 
42, 21516 (Apr. 10, 1948)). 


The energy of activation for vis- 
cous flow, £, as determined by the 
equation In (viscosity) = In A+ 
E/RT and Eyring’s (C.A. 31, 4174) 
energy of activation for viscous 
flow, U, based on the theory of 
absolute reaction rates are not 
identical; in fact, for both isomers 
of 1,2-dichloroethylene U is about 
10% smaller than £. Further, £ 
is independent of temperature for 
many substances, whereas U de- 
pends on the temperature. It ap- 
pears impossible to explain this 
behavior on the basis of Eyring’s 
theory. 

Text. Research J. Aug. 1948 

























Dielectric Properties 
of Polymers 







Dielectric properties of plastic ma- 
terials. E. A. J. Mol. Chem. 
Weekblad 43, 691-8 (1947) 
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Aucust, 1948 


(through Chem. Abstr. 42, 1757e 
(Mar. 10, 1948)). 

) The relations of the dielectric con- 
» stant and loss factor to y, to the 
distribution of relaxation times, to 
the activation energies of relaxation 
mechanisms, to the electric con- 
ductivity, and to the molecular 
weight are reviewed for linear 


polymers. 
Text. Research J. Aug. 1948 


Water-Permeability of 
High Polymers 


Permeation through and sorption of 
water vapor by high polymers. 
Paul M. Hauser and A. Douglas 
McLaren. Ind. Eng. Chem. 40, 
112-17 (1948) (through Chem. 
Abstr. 42, 2158f (Apr. 10, 1948)). 


Studies of H2,O-vapor transmission 
by high polymers (such as nylon, 
cellulose acetate, polyvinyl butyral, 
vinylidene chloride-acrylonitrile co- 
polymer, polyethylene, polyvinyl 
alcohol regenerated cellulose, rubber 
hydrochloride, and coated cello- 
phane) indicated that the perme- 
ability constant P can be broken 
down into two factors. These fac- 
tors are D, the diffusion constant, 
and S, the solubility coefficient; 
that is, P equals DS. The P deter- 
minations were made by a cup 
method, and the relative humidity 
at 25°C was changed from 20 to 
100%. 

Text. Research J. Aug. 1948 


Effect of Water Adsorption 
on Polymers 


The effect of strongly hydrogen 
bonding agents on some polar 
polymers. G. King. J. Colloid 
Sci. 2, 551-62 (Dec. 1947). 

Curves are given showing the change 

in properties of nylon and keratin 

with absorption of water and formic 

acid. The rate of increase in di- 

electric constant is greater for 

nylon with both liquids, and formic 
acid causes a greater increase than 
water in spite of the lower dipole 
moment of the former. The _ in- 
crease in reduction in rigidity with 
sorption and with temperature fol- 
lows the dielectric relations closely, 
indicating that the mechanism in- 


volves breaking interchain hydrogen 
bonds. Heat-of-wetting curves and 
absorption isotherms are given. 
The data support the view that the 
“bound fraction of the absorbate is 
associated with the initial reduction 
in elastic moduli and that all of the 
polar groups in the polymer are not 
available as low energy-absorption 
sites.”’ E. D. Klug 
Text. Research J. Aug. 1948 


Rapid Polymerization 
of Resins 


The rapid polymerization of impreg- 
nations on tissues. Maurice Dé- 
ribéré. Teintex 13, 5 (1948) 
(through Chem. Abstr. 42, 24387 
(Apr. 10, 1948)). 


Use of infrared and radio rays in 
polymerization of urea-formalde- 
hyde, phenol-formaldehyde, and 
melamine-formaldehyde resins on 
tissues. Illustrations of equipment 
are included. 

Text. Research J. Aug. 1948 


Resilience 


A generalized concept of resilience. 
R. M. Hoffman. TEXTILE RE- 
SEARCH JOURNAL 18, 141-8 
(Mar. 1948). 


The resiliency of a material is a 
complex stress-strain-time property 
described by the combination of 
three parameters. Two of them 
are relatively simple—the modulus 
and the extent of recovery from 
strain. But both of these quantities 
vary with time and strain, and the 
description of this variation is the 
function of the remaining param- 
eter. For a definition, the follow- 
ing is proposed: Resiliency is a 
stress-strain-time property of a ma- 
terial, characterizing the complete- 
ness of recovery from deformation 
and varying in kind with the modu- 
lus of elasticity and the rate of 
recovery. Corollaries of this de- 
finition are: (1) Four main types of 
resiliency arise from the four per- 
mutations of high and low moduli 
with high and low rates of recovery. 
(2) The extent of resiliency is the 
degree of recovery in a specified 
time. (3) Resiliency is a specific 
property of a substance; resilience 
is a total property depending not 
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only on the material but on the 
size and shape. Author 
Text. Research J. Aug. 1948 


Mechanics of elastic performance 
of textile materials. I. Develop- 
ment of an elastic performance 
coefficient in tension. Walter 
J. Hamburger. TEXTILE’ RE- 
SEARCH JOURNAL 18, 102-13 
(Feb. 1948). 


The factors which affect the textile 
quality usually known as resilience 
are discussed, and a normalized co- 
efficient is derived which quantita- 
tively expresses the degree of re- 
silience of textile fibers. Use of the 
term ‘‘elastic performance,” rather 
than ‘“‘resilience,’’ is suggested. 
The dependence of elastic perform- 
ance upon the fundamental load- 
deformation properties of textile 
materials is considered and it is 
demonstrated that the elastic per- 
formance coefficient reflects the 
effect of immediate elastic, primary 
creep, and secondary creep deflec- 
tions. The coefficient is indicated 
to be applicable to all types of load- 
ing: tension, compression, bending, 
torsion, etc. All that is required 
for its calculation is a load-deforma- 
tion diagram under uniform, con- 
trolled cyclical loading and unload- 
ing. Data are presented upon the 
tensional elastic performance of 
two different materials—continu- 
ous-filament acetate rayon and fully 
drawn nylon—under various mag- 
nitudes of tension loading. Vari- 
ations in elastic performance with 
yarn geometry—that is, twist— 
are given for the acetate rayon yarn. 
The evaluation of elastic perform- 
ance under compression and other 
types of loading will be presented in 
a future paper. Author 
Text. Research J. Aug. 1948 


Staining Techniques 


Staining of viscose rayon cross sec- 
tions. P. H. Hermans. TeEx- 
TILE RESEARCH JOURNAL 18, 9-17 
(Jan. 1948). 


If short cuttings of viscose fibers 
are exposed to solutions of certain 
dyes like Solophenyl Fast Blue 
Green BL and Sky Blue FF it is 
seen that the skin resists penetra- 
tion of the dye for a considerable 
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length of time, whereas the dye 
diffuses readily into the core from 
the fiber end. This phenomenon, 
designated as ‘‘anisotropic diffu- 
sion,” gives a ready explanation of 
the selective staining of the core in 
fiber sections by a number of dyes. 
The penetration x of the dye into 
the core with time ¢ has been meas- 
ured for one dye and a number of 
fiber samples; it conforms’ to 
the equation xf“ = constant. The 
speed of penetration varies over 
several orders of magnitude in the 
samples investigated, including or- 
dinary tire-cord and Lilienfeld ray- 
ons. After a very long time at 
room temperature, and much faster 
if the temperature is raised suff- 
ciently, the dye also penetrates into 
the skin. At equilibrium absorp- 
tion both skin and core become 
stained; often, not always, depend- 
ing on the dye used, the core re- 
mains stained to a darker shade 
than the skin when either sections 
or fibers are dyed. Attention is 
drawn to the striking fact that 
Bordeaux Extra is an example of a 
dye which readily penetrates the 
skin, although it is also a tetrazo 
dye with almost the same molecular 
size as Sky Blue FF, which does not. 
In sections dyed to equilibrium, the 
dye readily bleeds off the core on 
washing with water, whereas the 
skin remains stained. This pro- 
vides an easy means to obtain 
selective staining of the skin with a 
number of dyes. The Victoria Blue 
technique for selective skin dyeing 
disclosed by Morehead and Sisson 
(T. R. J. 15, 443 (1945)) is discussed 
and a much simplified modification 
of it is recommended. The differ- 
ential staining of viscose and cup- 
rammonium rayon with dye mix- 
tures such as Neocarmin W is 
explained by the absence of a skin 
in cuprammonium rayon. It is 
shown that Lilienfeld-process rayon 
also has a skin exhibiting properties 
toward dyes which are similar to 
those of ordinary viscose rayon. 

Text. Research J. Aug. 1948 Author 


Thixotropic Viscoelastic 
Systems 


Thixotropic viscoelastic systems. 
Basil A. Dunell and George Hal- 


sey. TEXTILE RESEARCH JOUR- 
NAL 18, 178-86 (Mar. 1948). 


An attempt is made to explain the 
thixotropic behavior of certain fibers 
when they are stretched by postulat- 
ing a number of potential energy 
surfaces which may govern the 
nature of the viscous flow within 
the fiber. On the basis of these 
energy surfaces, equations are ob- 
tained relating rate of elongation 
and applied stress, and these equa- 
tions are integrated numerically to 
give a relationship between applied 
stress and actual elongation. The 
energy surface giving results which 
approach the results of actual ex- 
periment is a simple modification 
of the surface which Eyring used to 
explain shear flow in viscous ma- 
terials (J. Chem. Phys. 4, 283 
(1936)). Authors 
Text. Research J. Aug. 1948 


BLEACHING: DYEING: 
FINISHING 


* 


Dyeing with Substantive Dyes 


Dyeing fibers with substantive dyes. 
J. Lehembre. Teintex 11, 128-31 
(1946); Chimie & industrie 57, 
484 (1947) (through Chem. Abstr. 
42, 2435g (Apr. 10, 1948)). 


The usual process consists in placing 
the material in a dye bath contain- 
ing various adjuvants at about 50°C, 
and gradually heating to boiling. 
A study of the phenomenon involved 
shows that: (1) the quantity of dye 
fixed on the fiber is small in the cold, 
increases rapidly to a maximum, 
and decreases at temperatures near 
boiling; (2) the adjuvants act chiefly 
by increasing the quantity of dye 
fixed in the cold and by decreasing 
the amount removed at_ boiling 
temperature; (3) in a dye bath of 
given composition, the major dye 
fixation occurs in a few min. (gen- 
erally 2-10). It follows that if 
even dyeing is not obtained at the 
outset, it will be extremely difficult, 
if not impossible, to obtain evenness 
subsequently if the dye has good 
fastness to water or is relatively 
slightly soluble under working con- 


TEXTILE RESEARCH JOURNAL 


ditions. Starting dyeing at rela-[ 
tively low temperatures constitutes | 
about the most unfavorable condi- 
tion to obtain even dyeing. It js 
much better to bring the bath up to 
boiling without electrolytes (the 
dye being in a state of almost mole. 
cular solution and having little 
affinity for the fiber), and then act 
upon the solubility of the dye by 
progressive additions of Na,SO, 
and NaCl, which make the solution 
pass to a colloidal condition in which 
the dye has a greater affinity for the 
fiber. A wetting agent is added to 
the bath before dyeing. After ad- 
dition of the electrolytes, heating is 
stopped and the bath is allowed to 
cool to about 10°-20°C. 

Text. Research J. Aug. 1948 


Dyeing Viscose Staple 


Dyeing viscose’ staple. Anon, 
Am. Wool and Cotton Reptr. 19, 
13-14 (May 6, 1948). 


A review of the methods of dyeing 
viscose staple when it is packaged 
in different forms. 

Text, Research J. Aug. 1948 


Preshrinking Equipment 


Mechanical finishing of cellulose 
tissues at normal dimensions. 
L. Bonnet. Teintex 13, 11 (1948) 
(through Chem. Abstr. 42, 2438 
.(Apr. 10, 1948)). 


Discussion of equipment used in 
sanforizing and similar processes 
which will not shrink or deform the 
fibers. 

Text. Research J. Aug. 1948 


Waterproofing Cordage 


Waterproofing of fibrous materials. 
E. E. Halls. Ind. Chemist 24, 
No. 276, 37-45 (1948) (through 
Chem. Abstr. 42, 2439d (Apr. 10, 
1948)). 


A survey of waterproofing methods 
particularly as applied to cordage. 
Brief descriptions of desired prop: 
erties and customary processing 
techniques are given. Typical for 
mulations are given for bitumel 
emulsions, wax emulsions, synthetic: 
resin varnishes, latex and drying-oll 
emulsions, insoluble soap precipita 
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tion treatments, and solutions of 
oils, bitumen products, or waxes. 
Text. Research J. Aug. 1948 


FIBERS: YARNS: FABRICS: 
MECHANICAL PROCESSES 


* 


Direct Spinner 


Direct spinner for tow produces fine, 
strong yarn. C. M. Bowden. 
Textile World 5, 114-15 (May 
1948). 


The spinning of yarn direct from 
filament tow in one operation by a 
new machine is described. Yarn 
strength is claimed to be high al- 
though contraction is considerable. 
The filament yarn is broken and 
drafted between 2 sets of rollers, 
then twisted by the conventional 
ring and traveler. A. L. Landau 
Text. Research J. Aug. 1948 


Roving Twist 


Twist in roving. A. A. Hayes. 
Textile Weekly 41, 730, 732 (Apr. 
16, 1948). 


The factors to be considered in 
deciding the turns per in. to be 
inserted in cotton roving are listed. 
Text. Research J. Aug. 1948 L. A. Fiori 


Mercerized Yarns 


New types of mercerized cotton 
yarns. Anon. Can. Text. J. 65, 
44 (Apr. 2, 1948). 


A yarn resembling silk, produced by 
combining fine-denier rayon staple 
fiber with cotton and known as 
“Fiberfoyle,” is described as a 
blended yarn with a special finish 
which has increased strength, better 
appearance, greater absorbency and 
shrink-resistance than an ordinary 
blend. It is suitable for knitting 
and for weaving. L. A. Fiori 
Text. Research J. Aug. 1948 


Fabrics of the Future 


Fabrics of the future. Anon. Am. 
Wool and Cotton Reptr. 16, 11-13 
(Apr. 15, 1948). 


Recent developments in synthetic 
fibers and methods of weaving have 
increased the variety of fabrics pos- 


PRACTICAL 
STARCH CONVERSION 


With a Liquid Enzyme 


RHOZYME LA 


RHOZYME LA is a concentrated diastatic 
enzyme preparation in liquid form. It is 
specific to starch, and only small quantities 
are required for solubilization. 


As a textile desizer, RHOZYME LA possesses 
many unusual advantages: 


. It can be used at higher temperatures to give 
more rapid and complete starch conversion, 
which amounts to increased efficiency of the 
desizing process. 


. A highly purified material produced under rigidly 
controlled conditions, RHozyME LA assures the 
consumer of reproducible results. 


3. It is without effect on animal, vegetable, or syn- 
thetic fibers—will not affect the sheerest fabric, nor 
the most delicate tint or white. 


. It is a uniform and stable enzyme preparation which 
rapidly converts insoluble starches into highly sol- 
uble derivatives easily removed from the fabric 
by washing. 


. It produces a soft, mellow hand on fabrics whether 
refinished, printed, dyed, or greige. After desizing, 
sreige pie take dye evenly, resulting in level, 
bright shades. 


. Applications do not have to be closely controlled 
with regard to temperature. 


. It can be used in any desizing process—kier, jig, 
kettle or pad, as well as in any continuous process. 


. Shipped as liquid in standard containers for easy 
storage and handling, Ruozyme LA is non-fer- 
menting and unattractive to insects. 


. It possesses in addition the economy of a liquid 
enzyme. 


Full details of Ruozyme LA are available without 
obligation. Simply write or call for your technical 
bulletin—plus samples for testing. 


RuozyMeE is a trade-mark, Reg. U. S. Pat. Off. 


Represented in Europe by Chas. Lennig & Co., (G.B.) 
Ltd., the Adelphi, 1-11 John Adam Street, London 
W. C. 2, England; and in South America by Cia. 
Rohm y Haas, S. R. L., Carlos Pellegrini 331, Buenos 
Aires, Argentina, and agents in principal South 
American cities. 


ROHM & HAAS COMPANY [FF 


Manufacturers of Chemicals including Plastics * 
Synthetic Insecticides * Fungicides * Enzymes ° 
Detergents * Germicides * Chemicals for the Leather, Textile, 
OF} does) oommn 3000 0) of-) SUNN so of -) SUMED 1-10 do) (-100 1: MoE ele MN) 901-1 an Cao I-13 40-14 








510 


sible. Earlier processes such as 
fast-color dyeing and mercerization, 
together with the present higher 
quality rayon, other synthetic fibers, 
and new finishing applications, have 
extended this variety. Effects pro- 
duced through special weaves are 
described and _ illustrated with 
photomicrographs. A. L. Landau 
Text. Research J. Aug. 1948 


Cotton Feeder 


The feeder is important. R. Z. 
Walker. Textile Bulletin 74, 52, 
53, 54, 56, 58 (Mar. 1948). 


The construction, operation, and 
increased importance of the modern 
opening-room feeder are detailed. 

Text. Research J. Aug. 1948 A. L. Landau 


Spinning Worsted on 
Cotton Machinery 


New worsted-yarn mill uses long- 
draft spinning. Anon. Textile 
World 98, 120-1 (Mar. 1948). 


A brief outline of the Highland City 
Mills, where worsted is being proc- 
essed on cotton machinery. Pre- 
paratory machinery does include 
gill boxes, but is followed by draw- 
ing, roving, and spinning on modi- 
fied cotton machinery. 
Text. Research J. Aug. 1948 


A. L. Landau 


Carpet Looms 


Axminster carpet looms. Anon. 
Platts Bulletin 6, 17-8 (Jan.—Feb. 
1948). 


A description of a larger-type spool 
adopted as standard on all narrow 
carpet looms. Modifications of the 
original gantry drive are also given. 
Text. Research J. Aug. 1948 L. A. Fiori 


Pin Drafting Unit 


Pin drafting unit for wool and 
blends. Anon. Can. Text. J. 
65, 41 (Feb. 6, 1948). 


This versatile pin drafting machine 
represents an advanced design of 
screw gill, incorporates functions of 
the open-type drawing machine, and 
is capable of handling straight wool, 
blends of wool with cotton or syn- 
thetic cut staple, and all types of 
100°% synthetic cut staple possessing 


inherent crimp. It performs, in 
fewer steps, all the operations be- 
tween combing and roving in the 
American system of processing. In 
the Bradford system it accomplishes 
in 5 or 6 operations what would 
conventionally take 8 or 9. Me- 
chanical features of this pin drafter 
are described in detail. L. A. Fiori 
Text. Research J. Aug. 1948 


Winding 


Harder and heavier cops. Anon. 
Platts Bulletin 6, 15-6 (Jan.—Feb. 
1948). 


In order to eliminate the undesirable 
features caused by the weights 
placed on each of the counterfaller 
levers for the maintenance of a hard 
cop, a motion consisting of a braking 
arrangement which is automatically 
applied by the downward movement 
of the counterfaller has been intro- 
duced. It produces harder and 
heavier cops containing a greater 
length of yarn. Other advantages 


are cited. L. A. Fiori 
Text. Research J. Aug. 1948 
MISCELLANEOUS 


* 


Acetylation of Cellulose 


The acetylation of cellulose. II. 
The formation of primary acetyl- 
cellulose soluble in acetone. 
Tsunao Araki. Cellulosechemie 
19, 137-40 (1941); cf. C.A. 35, 
1987® (through Chem. Abstr. 42, 
2101a (Mar. 20, 1948)). 

Text. Research J. Aug. 1948 


Cotton Opening and Picking 


Cotton opening and picking. Seth 
Carter. Textile World 98, 110, 
111, 206, 208 (Jan. 1948). 

A summary of technical require- 

ments of sound opening and picking 

operations. A. L. Landau 

Text. Research J. Aug. 1948 


Swelling of Polymers 


Swelling of networks of polymers. 
Paul Doty. J. chim. phys. 44, 


TEXTILE RESEARCH JOURNAL 


107-16 (1947) (through Chem. 
Abstr. 42, 1787d (Mar. 20, 1948)). 


Review of mathematical and ex- 
perimental works. 24 references. 
Text. Research J. Aug. 1948 


Native Protein 


The native protein. Dorothy 
Wrinch. Science 106, 73-6 (July 
25, 1947). 

A review. 

Text. Research J. Aug. 1948 


Machinery Developments 


Modern trends in textile machinery. 
E. Cotterill. J. Text. Inst. 39, 
P99-106 (Mar. 1948). 


New machinery for winding, throw- 
ing, warping, warp-sizing, looming, 
and weaving as applied to silk and 
rayon is reviewed. A brief review 
of warp-knitting developments and 
of new trends in machine design is 
included. L. A. Fiori 
Text. Research J. Aug. 1948 


PATENT REFERENCE 
* 


Mildewproofing Compound 


Mildewproofing textiles. Alva L. 
Houk (to Réhm & Haas Co.). 
U. S. 2,430,017 (Nov. 4, 1947). 


Cellulosic textile materials are pro- 
tected from rapid deterioration re- 
sulting from attacks by fungi and 
other organisms, particularly under 
conditions in which many mildew- 
proofing agents are removed by 
leaching, by treatment with a 
pentahalopheny! ester of the formula 


O 
| 
CsX;0 CR 


wherein X is chlorine or bromine 
and R is the residue of a carboxylic 
acid, including hydrogen (in the case 
of formic acid). The ester can be 
applied by impregnation of the 
cellulosic material with the ester im 
a solvent solution or in the form o 
an aqueous emulsion. 


3 A. Woodrufl 


Text. Research J. Aug. 1948 
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